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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a method of drying one or nnore saponified ethylene-vinyl acetate copoly- 
nners. 

[0002] Hereinafter, an ethylene-vinyl acetate copolymer is sometimes referred to also as EVA and a saponified eth- 
10 yiene-vinyl acetate copolymer as EVOH for short. 

Prior Art 

[0003] Owing to its characteristics such as transparency, antistatic properties, oil resistance, solvent resistance, 

15 gas barrier and aroma-retaining properties, EVOH has so far been widely used for various packaging and other pur- 
poses. In a general process for producing such EVOH, an ethylene-vinyl acetate copolymer, in the form of a solution in 
an alcohol, for instance, is saponified and the saponification product is then extruded, in a strand form, into a coagula- 
tion bath, followed by cutting (pelletizing) and further followed by washing with water, among others, to give hydrous pel- 
lets, which are generally dried to give a pellet-form product. 

20 [0004] When, however, such drying is insufficient, melt molding of EVOH (in pellet form) using an extruder or the 
like may fail to give moldings satisfactory in appearance and performance characteristics because of the occurrence of 
foaming, among others. Thus, drying of such EVOH (pellets) is very important but, as far as such drying is concerned, 
the current situation is that wet EVOH is treated generally with hot air at a high temperature in the order of 100°C for 
ten-odd hours (e.g. JP Kokai S53-119958). 

25 [0005] To insure improved heat-stretching characteristics, a resin composition comprising a blend of two or more 
EVOH species has been proposed (JP Kokai S60-1 73038, JP Kokai S63-1 996645, JP Kokai S63-230757, JP Kokai 
S63-264656, JP Kokai H02-261847) and, for such blending, it is common practice that EVOH species of drastically 
reduced water content as prepared by hot air-drying at a high temperature as mentioned above are melt-blended by 
means of an extruder or the like. Further, in JP Kokai S61-4752, there is a description to the effect that two ethylene- 

30 vinyl acetate copolymers are mixed together each in the state of a methanol solution and then saponified and, after sol- 
vent removal, the saponification product is dried. In JP Kokai H05-200865, an examples describes a procedure com- 
prising blending two EVOH species (with hydrotalcite dispersed therein) together in the presence of a meth an o I/water 
mixed solvent, then removing the solvent and drying the mixture. 

[0006] However, the above methods, which use hot air, may possibly cause discoloration (yellowing) of EVOH and 
35 thus decrease the commercial value thereof. As for the efficiency of drying, a long period of treatment is required, hence 
the efficiency is not always good. A novel improvement in the method of drying hydrous EVOH is thus desired. 
[0007] Further, the methods of obtaining EVOH blends which comprise melt blending together EVOH species dried 
with hot air at high temperatures, as mentioned above, indeed improve the heat-stretch moldability of the blend to a cer- 
tain extent but, since the blend is composed of EVOH species differing in composition and structure, the compatibility 
40 therebetween is not high enough to result in complete homogeneity so that the product quality is apt to be influenced 
by fluctuations in extrusion conditions and heat-stretch molding conditions. Therefore, in the continuous stretch-molding 
of films, cups, trays, bottles and the like, the incidence of rejects is inevitable. On the other hand, if the efficiency of 
kneading within the extruder is increased (under high temperature and high shear conditions) for improving the uniform- 
ity of the blend, thermal deterioration of EVOH becomes inevitable and thus the resulting blend may possibly be dis- 
45 colored (yellowed), causing a decrease in commercial value. As for production efficiency, a prolonged time is required 
for the treatment of EVOH with hot air, so that the efficiency is not necessarily high. 

[0008] As regards the method described in JP Kokai S61-4752 (method comprising mixing in solution form, fol- 
lowed by saponification), too, a certain extent of improvement is indeed produced with respect to thermal deterioration 
and uniformity of the blend of two or more EVOH species but hot air drying is eventually necessary, hence there still 
50 remains a worry about thermal deterioration, although this depends on the heating conditions in the step of drying. Fur- 
ther, the blend cannot be said to have sufficient homogeneity and it was found that there is room for improvement in 
heat stretchability (continuous moldability) as well. 

[0009] As regards the method described in JP Kokai H05-200865 (solution blending method), a certain extent of 
improvement is indeed observed with respect to thermal deterioration arid uniformity of the blend of two or more EVOH 
55 species but hot air drying is eventually necessary, hence there still remains a worry about thermal deterioration, 
although this depends on the heating conditions in the step of drying. Further, the blend cannot be said to have suffi- 
cient homogeneity and it was found that there is room for improvement in heat stretchability (continuous moldability) as 
well. 
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[0010] It is an object of the present invention to provide an industrially advantageous method of drying hydrous 

EVOH or hydrous EVOH compositions. Another object is to provide, by said method, molding resins which hardly cause 
troubles in melt molding thereof with respect to the continuous moldability thereof as well as the quality of moldings 
obtained therefrom. 

5 

SUMMARY OF THE INVENTION 

[0011] The method of drying saponified ethylene-vinyl acetate copolymers (EVOH species) is characterized by 
melting and kneading one or more EVOH species with a water content of 5 to 60% by weight until a water content of 

10 less than 5% by weight. 

[0012] The above method preferably comprises mixing two or more EVOH species, each in solution, together and 
coagulating/precipitating the same as a saponified ethylene-vinyl acetate copolymer mixture with a water content of 5 
to 60% by weight and then melting and kneading the same until a water content of less than 5% by weight. 
[0013] Also preferably, the method comprises mixing two or more ethylene-vinyl acetate copolymer (EVA) species, 
15 each in solution, together, saponifying the same, then coagulating/precipitating the resulting EVOH species as a mix- 
ture with a water content of 5 to 60% by weight and melting and kneading the same until a water content of less than 
5% by weight. 

DETAILED DESCRIPTION OF THE INVENTION 

20 

[0014] In the following, the present invention is described in detail. 

(Ethylene-vinyl acetate copolymer (EVA)) 

25 [0015] The saponified ethylene-vinyl acetate copolymer (EVOH) species to be used in the practice of the present 
invention are prepared by saponifying ethylene-vinyl acetate copolymer (EVA) species in solution. Therefore, the EVA 
species are described first. 

[0016] The ethylene-vinyl acetate copolymers can be produced by any known polymerization process, for example 
by solution polymerization, suspension polymerization or emulsion polymerization. 

30 [0017] The ethylene-vinyl acetate copolymers (EVA species) are not particularly restricted as to the compositions 
thereof. Considering the performance characteristics required of the EVOH or EVOH composition obtained therefrom, 
however, the ethylene content of the EVA species is preferably 5 to 70 mole percent (more preferably 20 to 60 mole per- 
cent, in particular 25 to 55 mole percent). When such ethylene content is less than 5 mole percent, the water resistance, 
high humidity gas barrier properties and melt moldability of the product EVOH species will be low. At a higher ethylene 

35 content than 70 mole percent, the EVOH products will unfavorably have no sufficient gas barrier properties. 

[0018] Furthermore, the EVA species should be such that the EVOH species obtained by saponification thereof 
have an intrinsic viscosity (as determined in a mixed solvent composed of 85% by weight of phenol and 15% by weight 
of water at 30°C) of 0.6 to 1 .5 dl/g, preferably 0.7 to 1 .3 dl/g, more preferably 0.8 to 1 .2 dl/g. When such viscosity is less 
than 0.6 dl/g or in excess of 1 .5 dl/g, the extrusion moldability may unfavorably become unstable. 

40 [0019] Such ethylene-vinyl acetate copolymers (EVA species) may contain, in addition to ethylene and vinyl ace- 
tate, any of other ethylenically unsaturated monomers copolymerizable therewith. As such other monomers, there may 
be mentioned olefins such as propylene, 1-butene and isobutene, unsaturated acids such as acrylic acid, methacrylic 
acid, crotonic acid, phthalic acid (anhydride), maleic acid (anhydride) and itaconic acid (anhydride), salts thereof or 
mono- or di-C-|.-|3 alkyi esters thereof, acrylamides such as acrylamide, N-C-1.-13 alkylacrylamides, N,N-dimethylacryla- 

45 mide, 2-acrylamidopropanesulfonic acid or salts thereof, acrylamidopropyldimethylamine or acid salts or quaternary 
salts thereof, methacrylamides such as methacrylamide, N-C-|.i8 alkylmethacrylamides, N,N-dimethylmethacrylamide, 
2-methacrylamidopropanesulfonic acid or salts thereof, methacrylamidopropyldimethylamine or acid salts or quater- 
nary salts thereof, N-vinylamides such as N-vinylpyrrolidone, N-vinylform amide and N-vinylacetamide, cyanovinyl com- 
pounds such as acrylonitrile and methacrylonitrile, vinyl ethers such as C-|.-|8 alkyI vinyl ethers, hydroxyaikyi vinyl ethers 

50 and alkoxyalkyi vinyl ethers, vinyl halides such as vinyl chloride, vinylidene chloride, vinyl fluoride, vinylidene fluoride 
and vinyl bromide, vinylsilanes such as trimethoxyvinylsilane, allyl acetate, allyl chloride, allyl alcohol, dimethylallyl alco- 
hol, trimethyl(3-acrylamido-3-dimethylpropyll)ammonium chloride, acrylamido-2-methylpropanesulfonic acid and the 
like. These may be post-modified, for example by urethane formation, acetalization or cyanoethylation, to an extent 
such that the effects of the present invention are not yet nullified. 

55 [0020] In solution preparation, the ethylene-vinyl acetate copolymers may be dissolved in any solvent capable of 
dissolving them. While the solvent and method of dissolution are not particularly restricted, mention may be made of 
such solvents as methanol, ethanol, propanol, butanol, phenol, xylene, toluene, dimethyl sulfoxide (DMSO), dimethyl- 
formamide (DMF), hexafluoroisopropanol (HFIP) and the like as well as water containing these solvents (mixed sol- 
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vents). From the industrial viewpoint, alcohols are preferred, however, and methanol is most preferred. 
[0021] In mixing two or more ethylene-vinyl acetate copolymer (EVA) species together in a solution state, the 
method of mixing includes, but is not limited to, 1) the method which comprises introducing two or more solid EVA spe- 
cies combinedly into a solvent to thereby effect dissolution and mixing, 2) the method which comprises dissolving at 

5 least one EVA species in a solvent beforehand and introducing another or other solid EVA species into the solution to 
effect dissolution and mixing and 3) the method which comprises dissolving two or more EVA species separately in a 
solvent beforehand and mixing the resulting solutions together. From the industrial viewpoint, the method 3) is judi- 
ciously employed. In particular, from the productivity viewpoint, it is advantageous to mix up those solutions which are 
derived from the reaction mixture solutions in methanol, for instance, as obtained from the ethylene-vinyl acetate copo- 

10 lymerization reaction step, by removing the unreacted monomers (ethylene and vinyl acetate) by a per se known 
method. 

[0022] The method of mixing up such solutions is not particularly restricted but the EVA solutions may be mixed up 
in agerse known rotary type mixing/stirring vessel or line mixer or the like. In the step of such mixing, it is desirable that 
the respective solutions to be mixed up be adjusted to 40 to 110°C and then mixed up. At a temperature below 40°C, 
15 the viscosities of the solutions may become so high that uniform mixing may become difficult to attain. Conversely, a 
temperature exceeding 110°C is undesirable, since the mixed solution may be discolorated. 

[0023] In mixing two or more EVA species together, the mixing weight ratio therebetween is not particularly 
restricted but, in the case of mixing two EVA species (A) and (B) together, the weight ratio (A)/(B) is preferably 99/1 to 
1/99 (more preferably 95/5 to 5/95, still more preferably 90/10 to 10/90). When such mixing weight ratio is outside the 

20 above range, the effects (appearance, gas barrier properties and continuous moldability in heat and stretch molding) of 
blending according to the present invention may not be fully produced; this is unfavorable. 

[0024] In mixing three or more EVA species together, the weight ratio is preferably such that, after saponification, 
the weight ratio of one EVOH species (A) to the other two or more EVOH species (collectively, B) may amount to 9/2 to 
2/98 (more preferably 90/1 0 to 1 0/90, still more preferably 80/20 to 20/80). 

25 

(Saponified ethylene-vinyl acetate copolymer (EVOH)) 

[0025] The above solution containing an ethylene-vinyl acetate copolymer (EVA) or a mixture of EVA species is 
then saponified. The saponification of such EVA species is carried out in the presence of an alkali catalyst. The alkali 

30 catalyst may be any of those known in the art to be useful in alkali-catalyzed saponification of polyvinyl acetate and eth- 
ylene-vinyl acetate copolymers. As specific examples, there may be mentioned alkali metal hydroxides such as sodium 
hydroxide, potassium hydroxide and lithium hydroxide, alkali metal alocholates such as sodium methylate and tert- 
butoxypotassium, strongly basic amines, typically 1 ,8-diazabicyclo[5,4,10]undecene-7 (DBU), and, further, alkali metal 
carbonates and alkali metal hydrogen carbonates. From the ease of handling and economy viewpoint, however, the use 

35 of sodium hydroxide is preferred. 

[0026] The catalyst is used in an amount of not more than 0.05 equivalent, preferably not more than 0.03 equiva- 
lent, relative to the acetate group remaining in EVA, although the amount may vary according to the required degree of 
saponification and the reaction temperature, among others. It is also possible to use an acid catalyst, such as hydro- 
chloric acid or sulfuric acid, in lieu of the alkali catalyst. 

40 [0027] In carrying out saponification, the resin concentration in the above EVA solution is generally adjusted to 
about 20 to 60% by weight, the alkali catalyst or acid catalyst is then added and the reaction is effected under the fol- 
lowing conditions: temperature 40 to 140°C, pressure 1 to 15 kg/cm^ G. Addition of an aliphatic polyhydric alcohol, such 
as glycerol, ethylene glycol or hexanediol, is also desirable for making it possible to conduct the saponification reaction 
stably. 

45 [0028] When cares are used for the EVOH species or EVOH composition after the reaction at the above solution 
temperature not to precipitate out, the EVOH concentration in the resultant mixture is not particularly restricted but, gen- 
erally, an EVOH concentration of 10 to 55% by weight, preferably 15 to 50% by weight, is recommended. 
[0029] The apparatus in which the saponification reaction is carried out is not particularly restricted but the sapon- 
ification reaction can be carried out either batchwise or continuously using any reaction vessel known in the art. From 

50 the productivity and quality stability viewpoint, however, it is desirable to carry out the saponification reaction continu- 
ously using a plate column, such as a perforated plate tower or a bubble cap tower. Thus, the saponification reaction 
can be carried out in an industrially favorable manner by feeding a solution containing one or more EVA species to the 
upper part of the above tower reactor, feeding the alkalic catalyst (or acid catalyst) in the same manner, and blowing 
methanol in vapor form into the tower from the lower part thereof. The methanol vapor and byproduct methyl acetate 

55 vapor are taken out of the system from the top of the tower, and the saponification reaction product, namely EVOH, is 
discharged from the tower bottom as a methanol solution. The saponification reaction can be conducted not only in 
such a continuous manner using a tower reactor but also in a batchwise manner using, for example, a reaction vessel 
equipped with a stirrer. 
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[0030] The EVOH species or EVOH composition obtained by such saponification preferably has a degree of sapon- 
ification of the vinyl acetate component of not less than 85 mole percent, more preferably 90 to 99.9 mole percent, in 
particular 95 to 99.8 mole percent. When the saponification degree is less than 85 mole percent, the water resistance 
will be insufficient and the heat stability of the EVOH species or EVOH composition in melt molding will be poor. Con- 
5 versely, a saponification degree exceeding 99.5 mole percent is undesirable since it may lead to a poor improving effect 
on the heat-stretch moldability of the EVOH composition. 

[0031 ] The solution of the EVOH species or EVOH composition in an alcohol, for instance, as obtained in the above 
manner is then prepared for strand production. While the solution may be used as such, its composition is preferably 
adjusted by directly adding water to the solution or adding water after adequate concentration or dilution of the EVOH 

10 solution. In the case of an aqueous solution, it is desirable, from the solution stability viewpoint, that the water/alcohol 
mixing ratio be within the range of 80/20 to 5/95 by weight and the alcohol content A (% by weight) satisfy the relation 
2.55E - 40.75 < A < 2.55E - 10.75 (where E is the average ethylene content (mole percent) of the EVOH species) 
and, considering the stability in the subsequent coagulation operation, it is desirable that the EVOH content in the solu- 
tion be 20 to 55% by weight (more preferably 25 to 50% by weight. 

15 [0032] In preparing an EVOH solution in a mixed solvent composed of water and an alcohol, it is in particular desir- 
able that the EVOH solution in a water-alcohol mixed solvent be prepared so that the water content may satisfy the rela- 
tion shown below, since, then, the EVOH blend obtained shows good homogeneity. In other words, water is added in an 
amount selected so as to satisfying the following relation according to the ethylene content in EVOH: 

20 0.0933 X (50 - X) ^ + 26 > Y > 0.0933 x (50 - X) ^ + 6 (3) 

where X denotes the ethylene content (mole percent) and Y denotes the water content (% by weight) of the water-alco- 
hol mixed solvent in the EVOH solution. 

[0033] The thus-obtained EVOH solution or EVOH composition solution in a water-alcohol mixed solvent is then 
25 brought into contact with a coagulating or solidifying medium, whereby the EVOH species or EVOH composition pre- 
cipitates out to give the desired EVOH species or EVOH composition. The process therefor is not particularly restricted 
but, generally, such mixed solution is introduced into a coagulating bath for causing the EVOH species or EVOH com- 
position to precipitate out (coagulate) there. 

[0034] As the coagulating medium for such precipitation, use is made of water or water-alcohol mixed solvents, aro- 
se matic hydrocarbons such as benzene, ketones such as acetone and methyl ethyl ketone, ethers such as dipropyl ether, 
and organic acid esters such as methyl acetate, ethyl acetate and methyl propionate, among others. Water or a water- 
alcohol mixed solvent is preferred, however, because of ease of handling. Said alcohol includes methanol, ethanol, pro- 
panol and so on. Industrially, methanol is preferably used. It is desirable that this alcohol be the same as that in the 
above-mentioned alcohol-containing EVOH solution. 
35 [0035] The weight ratio between the coagulating medium or solution and the EVOH strands in the coagulation bath 
(coagulant/EVOH strand ratio) is preferably 50 to 10,000, more preferably 100 to 1,000. By selecting that weight ratio 
within the above range, it becomes possible to obtain EVOH pellets or EVOH composition pellets which are uniform in 
size distribution. 

[0036] Further, it is also desirable that the coagulating medium contain 1 to 1 0,000 ppm of a carboxylic acid and/or 
40 1 to 1 5,000 ppm of a carboxylic acid salt and/or 1 to 50,000 ppm of a carboxylic acid ester, more preferably 50 to 5,000 
ppm of a carboxylic acid and/or 1 0 to 5,000 ppm of a carboxylic acid salt and/or 1 0 to 1 0,000 ppm of a carboxylic acid 
ester. By causing the coagulating medium to contain a carboxylic acid and/or carboxylate in the above concentration 
range, it becomes easier to obtain EVOH pellets uniform in size distribution. 

[0037] Such carboxylic acid includes, but is not limited to, formic acid, acetic acid, propionic acid, oxalic acid, 
45 malonic acid, succinic acid, glutaric acid, adipic acid, crotonic acid, maleic acid, itaconic acid and the like. Among them, 
acetic acid is preferred. 

[0038] Such carboxylic acid salt includes, but is not limited to, sodium formate, potassium formate, magnesium for- 
mate, calcium formate, sodium acetate, potassium acetate, magnesium acetate and the like. Preferred among them is 

sodium acetate. 

50 [0039] Such carboxylic acid ester includes, but is not limited to, methyl formate, ethyl formate, propyl formate, 
methyl acetate, ethyl acetate, propyl acetate, methyl propionate, ethyl propionate, methyl acetoacetate, ethyl acetoac- 
etate and the like. Methyl acetate is preferred, however. 

[0040] From the precipitability viewpoint, the temperature of the coagulation bath is preferably -1 0°G to 40°C, more 
preferably 0°C to 20°C. To operate at a low temperature, if possible, is effective in reducing the resin loss. 
55 [0041] The EVOH species or EVOH composition is thus precipitated in the coagulation bath. In the step of such pre- 
cipitation, the EVOH solution is generally extruded into the coagulation bath in the form of a strand through a nozzle 
having an arbitrary shape and size and, after precipitation, the strand is cut to pellet-like pieces, which are then prefer- 
ably washed with water. 
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[0042] The shape and size of the nozzle are not particularly restricted but, f ronn the industrial viewpoint, a cylindrical 
shape is preferred and the length thereof is preferably 1 to 100 cm, more preferably 3 to 30 cm, with a preferred inside 
diameter of 0.1 to 1 0 cm, more preferably 0.2 to 5.0 cm. 

[0043] It is not always necessary that the number of strands is one. It is also possible to extrude an arbitrary number 
of strands, say several to several hundred strands, simultaneously. 

[0044] Preferred as the shape of pellets is a cylindrical shape having a diameter of 1 to 1 0 mm (more preferably 2 
to 6 mm) and a length of 1 to 1 0 mm (more preferably 2 to 6 mm) or a spherical shape having a diameter of 1 to 1 0 mm 
(more preferably 2 to 6 mm) in view of the stability in the step of melt kneading. 

[0045] As regards the water washing conditions, the pellets are washed with water in a water bath maintained at a 

temperature of 10 to 40°C (preferably 20 to 40°C). Upon such water washing treatment, oligomers and impurities are 
removed from the EVOH pellets. It is also desirable that, following the water washing treatment, or in lieu of the water 
washing treatment, the pellets be treated with an aqueous solution containing any of various acids or metal salts to 
cause the pellets to contain the acid or metal salt, whereby the color tone, heat stability, long run moldability, interlami- 
nar adhesion (with an adhesive resin in laminate manufacture) and heat-stretch moldability, among others, of the EVOH 
pellets after drying can be improved. As such acid component, there may be mentioned organic acids such as acetic 
acid, propionic acid, butyric acid, lauric acid, stearic acid, oleic acid and behenic acid and inorganic acids such as sul- 
furic acid, sulfurous acid, carbonic acid, boric acid and phosphoric acid and, as the metal salt, there may be mentioned 
metal salts of the above acids, for example alkali metal salts, alkaline earth metal salts and transition metal salts. In par- 
ticular, acetic acid, phosphoric acid and boric acid, and alkali metal salts and alkaline earth metal salts thereof are pre- 
ferred because of their excellent effects. 

[0046] The content of acetic acid is preferably selected within the range of 5 to 1 ,000 ppm (more preferably 1 0 to 
500 ppm, in particular 20 to 300 ppm) on the dried EVOH basis. When the acetic acid content is less than 5 ppm, the 
effect of its use may not be obtained to a satisfactory extent. Conversely, at a content exceeding 1 ,000 ppm, the long 
run moldability may unfavorably decrease. 

[0047] The content of phosphoric acid is preferably selected within the range of 5 to 1 ,000 ppm (more preferably 1 0 
to 500 ppm, in particular 20 to 300 ppm) as the phosphate radical on the dried EVOH basis. When the phosphoric acid 
content is less than 5 ppm, the effect of its use may not be obtained to a satisfactory extent. Conversely, at a content 
exceeding 1,000 ppm, the moldings obtained may unfavorably have a deteriorated appearance. 
[0048] The content of boric acid is preferably selected within the range of 1 0 to 1 0,000 ppm (more preferably 20 to 
2,000 ppm, in particular 100 to 1,000 ppm) as boron radical on the dried EVOH basis. When the boric acid content is 
less than 1 0 ppm, the effect of its use may not be obtained to a satisfactory extent. Conversely, at a content exceeding 
10,000 ppm, the moldings obtained may unfavorably have a deteriorated appearance. 

[0049] The content of the metal salt is preferably selected within the range of 5 to 1 ,000 ppm (more preferably 10 
to 500 ppm, in particular 20 to 300 ppm) as the metal on the dried EVOH basis. When the metal salt content is less than 
5 ppm, the effect of its use may not be obtained to a satisfactory extent. Conversely, at a content exceeding 1 ,000 ppm, 
the moldings obtained may unfavorably have a deteriorated appearance. When two or more alkali metal and/or alkaline 
earth metal salts are contained in the EVOH species, it is desirable that the total content be within the above range. 

(Adjustment of water content and reduction in water content (drying)) 

[0050] In accordance with the present invention, the water content of the EVOH species precipitated in a pellet form 
and washed with water in such a manner as mentioned above should be adjusted to 5 to 60% by weight (preferably 1 0 
to 50% by weight, more preferably 1 0 to 40% by weight) and then the water content of the resulting pellets or the like 
should be reduced to less than 5% by weight by melt kneading. Such points are described below. 
[0051] The method of adjusting the water content of the EVOH species to 5-60 weight % is not particularly 
restricted but it is possible to adjust said water content by adjusting various conditions in the above-mentioned process 
of extruding the EVOH solution into a coagulating medium in a strand-like form to thereby cause coagulation, cutting 
the strand to pellets or the like and washing the same with water. When such water content is less than 5% by weight, 
the drying effect of the invention and/or the effects of the technique of blending according to the present invention (con- 
tinuous moldability, discoloration prevention and production efficiency in heat-stretch molding) cannot be materialized 
to the full. Conversely, at a water content exceeding 60% by weight, water partially separates from the resin during melt 
kneading and the condition of melt kneading becomes unstable, with the results that the objects of the present invention 
cannot be accomplished. 

[0052] The "water content" of the EVOH species before drying treatment (and after drying treatment as well) so 
referred to herein is measured and calculated in the following manner. 
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[Measurement of water content] 

[0053] An EVOH sample is weighed (W1 grams) on an electronic force balance and then placed in a hot air oven 
type drier maintained at 150°C and, after 5 hours of drying and 30 minutes of allowing to cool in a desiccator, the sam- 
5 pie is weighed in the same manner (W2 grams) and the water content is calculated as follows: 

Water content (%) = [(W1 - W2)/W1 ] x 1 00 (3) 

[0054] The hydrous EVOH pellets to be used In the practice of the present invention are obtained in the above man- 
10 ner. From the stability in melt kneading viewpoint, it is also desirable that, when necessary for water content adjustment, 
for instance, the EVOH pellets or the like be subjected to aper se known drying treatment (e.g. hot air drying, drying by 
dielectric heating, drying by microwave heating) prior to the drying treatment proper according to the present invention 
or the surface water be removed from the hydrous pellets beforehand. 

[0055] The EVOH species or EVOH composition adjusted to a water content of 5 to 60% by weight is then sub- 

15 jected to melt kneading. The melt kneading can be carried out using a known melt kneading apparatus, for example a 
melt extruder, kneader extruder, mixing roll, Banbury mixer or plastomill. Generally, however, a single or twin screw 
extruder is preferably used from the industrial viewpoint. Considering the stability in melt kneading and the homogeneity 
of blends, the use of a two screw extruder is particularly preferred. In the following, the method of the present invention 
which uses such twin screw extruder is described in further detail. 

20 [0056] The twin screw extruder to be used is not particularly restricted but preferably has an inside diameter of not 
less than 20 mm (more preferably 30 to 150 mm). An inside diameter of less than 20 mm is undesirable because of low 
productivity. The ratio L/D is preferably 20 to 80 (more preferably 30 to 60). An L/D ratio less than 20 may lead to an 
insufficient drying capacity. Conversely at a ratio exceeding 80, the resin residence time in the extruder is unnecessarily 
prolonged and the possibility of thermal deterioration unfavorably increases. The occurrence of one or more vents, pref- 

25 erably two or more vents, is desirable and, from the drying efficiency and product resin quality viewpoint, it is desirable 
that at least one of them be suctioned under reduced pressure. The shape and size of the die opening are not critical 
but, for obtaining pellets appropriate in shape and size, it is desirable that the die opening have a circular shape with a 
diameter of 1 to 7 mm (more preferably 2 to 5 mm). From the production viewpoint, the number of such openings is pref- 
erably about 3 to 100 (more preferably 10 to 50). Further, for foreign matter removal and resin pressure stabilization 

30 (stabilization of extrusion), it is also desirable that at least one (preferably two or more) mesh-like screen be provided 
between the extruder and die inlet and, considering the extrusion stability, it is further desirable that a gear pump and/or 
a heat exchanger be provided. 

[0057] In carrying out the melt kneading, it is desirable, though not always necessary, that the cylinder temperature 
(T|) at the hopper opening and the cylinder temperature (Tq) at the outlet of the extruder be selected so as to satisfy 
35 the relation defined by the formula (1) shown below. When the ratio Tq/T \ is less than 1 .1 , the drying capacity may be 
insufficient or the extrusion may become unstable. Conversely, at a To/T\ ratio of 10 or higher, the quality of the EVOH 
may be sacrificed (heat deterioration) or the extrusion may become unstable, which is unfavorable. It is more desirable 
that the conditions defined by the formula (V) shown below, in particular the conditions defined by the formula (1") 
shown below, be satisfied. The "cylinder temperature" means the actually measured temperature of the cylinder. 

40 

1.1 <To/l"| < 10 (1) 
1.5<To/T,<8 (V) 
45 1.8 < Tq/T, < 5 (1") 

(where Tq and T| are in °C). 

[0058] Generally, the extruder cylinder is heated by means of a plurality of heaters. In the case of an eight division 

system, the extruder cylinder is provided with eight heaters from the hopper opening (resin feeding portion) to the 
50 extruder outlet (resin discharge port, die-connecting part) and it is possible to set the temperature of each heater inde- 
pendently. Thus, when the temperatures set for the respective heaters are represented by CI, C2, C3, C7 and C8 
in the above order, CI is the cylinder temperature at the hopper opening and C8 is the cylinder temperature at the outlet 
of the extruder. 

[0059] Further, it is particularly desirable that the feeding zone temperature (Tp) and the metering zone temperature 
55 (Tm) of the extruder be set so as to satisfy the conditions defined by the formula (2) shown below. When the ratio T^/Tf 
is less than 1.1, the drying capacity may be insufficient and/or the extrusion may become unstable. Conversely, at a 
ratio of 10 or higher, the quality of the EVOH may be sacrificed (heat deterioration) or the extrusion may become unsta- 
ble, which is unfavorable. It is more desirable that the conditions defined by the formula (2') shown below, in particular 
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the conditions defined by the fornnula (2") shown below, be satisfied. 



1.1 <Tm^p< 10 (2) 

5 1.2<T^^^F<9 (2') 

1.3 < T^^^F<8 (2") 

(where Ty and Tp are in °C) 



10 [0060] The "feeding zone" so referred to herein means one third of the extruder cylinder barrel on the hopper inlet 
side when said cylinder barrel is divided into three equal parts in the length direction and the "metering zone" means 
one third of said barrel on the extruder outlet side. The "feeding zone temperature (Tp)" is the mean of the temperatures 
(actual measured values) at the sites of those divisional heaters which are completely included in the former one third 
segment of the cylinder barrel and the "metering zone temperature (Ty) is the mean of the temperatures (actual meas- 

15 ured values) at the sites of those divisional heaters which are completely included in the latter one third segment of the 
cylinder barrel. 

[0061] The cylinder temperatures and the feeding zone and metering zone temperatures are adjusted as men- 
tioned above. Generally, these temperatures are selected preferably within the range of room temperature to 300°C 
(more preferably 50 to 280°C). 

20 [0062] The EVOH melted under the above temperature settings is fed to a die for extrusion. It is also desirable that 
the extrusion conditions (set temperatures, screw shape and size, screw speed, etc.) be adjusted so as to attain an 
EVOH temperature (resin temperature) of 150 to 300°C (more preferably 1 80 to 280°C) within the die. When such tem- 
perature is lower than 150°C, the extrusion may sometimes become unstable. Conversely, at above 300°C, the EVOH 
quality may unfavorably be sacrificed (thermal deterioration). 

25 [0063] The screw speed is selected within the range of 50 to 300 rpm (preferably 80 to 200 rpm). When such speed 
is less than 50 rpm, the drying capacity may become insufficient. Conversely, at above 300 rpm, the EVOH quality may 
unfavorably be sacrificed (thermal deterioration). The rate of feeding of the hydrous EVOH mass is selected within the 
range of 1 0 to 400 kg/hr (preferably 20 to 300 kg/hr). When such feeding rate is less than 1 0 kg/hr, the process becomes 
unproductive. Conversely, at above 400 kg/hr, sufficient drying may become impossible to attain and this is unfavorable. 

30 The residence time of the EVOH in the extruder is selected within the range of 1 0 to 600 seconds (preferably 1 0 to 1 80 
seconds). When such residence time is shorter than 10 seconds, sufficient drying is impossible to attain in some 
instances. Conversely, a residence time exceeding 600 seconds may unfavorably lead to a deterioration in quality of 
EVOH (thermal deterioration). The pressure on EVOH (resin pressure) is selected within the range of 5 to 300 kg/cm^ 
(preferably 10 to 200 kg/cm^). When such pressure is less than 5 kg/cm^ or in excess of 300 kg/cm^, the extrusion may 

35 unfavorably become unstable. For preventing thermal degradation of EVOH, it is also desirable that the hopper inside 
and vent hole surroundings be sealed with nitrogen. 

[0064] In cases where an EVOH composition composed of two or more EVOH species is dried in accordance with 
the present invention, the composition and molecular weight, among others, of each EVOH species of the composition 
are not particularly restricted but, when the composition is composed of two EVOH species (A) and (B), it is desirable 

40 for improving the heat-stretch moldability of the EVOH composition that at least one of the conditions defined by the for- 
mulas (4) to (6) shown below be satisfied. When the relation of formula (4) is not satisfied namely when the difference 
in saponification degree between the two EVOH species is less than 1 mole percent, the heat-stretch moldability 
improving effect may not be attained to a satisfactory extent. Such difference in saponification degree is preferably 1 to 
15 mole percent, more preferably 2 to 10 mole percent. 

45 [0065] When the relation of formula (5) is not satisfied, namely when the difference in ethylene content between the 
two EVOH species is less than 5 mole percent, the heat-stretch moldability improving effect may not be attained to a 
satisfactory extent. Such difference in ethylene content is preferably 5 to 25 mole percent, more preferably 8 to 20 mole 
percent. 

[0066] Further, when the relation of formula (6) is not satisfied, namely when the melt flow rate ratio between the 
50 two EVOH species is less than 2, the heat-stretch moldability improving effect may not be attained to a satisfactory 
extent. Such melt flow rate ratio is preferably 3 to 20, more preferably 4 to 15. 

ISv(A) - Sv(B)l > 1 (4) 

55 lEt(A)- Et(B)l >5 (5) 

2 < MFR(B)/MFR(A) (6) 
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where Sv represents the degree of saponification (mole percent) of each EVOH species, Et the ethylene content (mole 
percent) of each EVOH species and MFR the melt flow rate (g/1 0 min) of each EVOH species in an absolutely dry state 
(water content < 0.3 wt. %) as measured at a temperature of 21 0°G under a load of 2,1 60 g. 

[0067] Among the above values, the MFR is measured, more specifically, using a commercial melt indexer (e.g. 
5 product of Toyo Seiki) under the following conditions: temperature 210°C, load 2,160 g. Namely, the MFR measure- 
ments are carried out according to JIS K 7210 "Flow testing methods for thermoplastic materials". Procedure A (manual 
cutting). 

[0068] When the EVOH species (A) and (B) are selected so as to satisfy at least the relation (4) among the relations 
(4) to (6) , the heat-stretch moldability improving effect of the present invention becomes particularly remarkable. 
10 [0069] In the case of EVOH compositions composed of three or more EVOH species, it is desirable that at least two 

EVOH species satisfy at least one of the above relations. 

[0070] In the case of EVOH compositions composed of two EVOH species (A) and (B), the mixing weight ratio 
between the EVOH species (A) and (B) in such step of melt kneading as mentioned above is not particularly restricted 
but the ratio (A)/(B) is preferably 99/1 to 1/99 (more preferably 95/5 to 5/95, still more preferably 90/1 0 to 1 0/90). When 

15 such mixing weight ratio is outside the above range, the effects (appearance, gas barrier properties and continuous 
moldability in heat-stretch molding) of the blending technique according to the present invention may not be produced 
to a satisfactory extent in certain instances, hence such ratio is undesirable. The water content of EVOH (B) is not par- 
ticularly restricted but is preferably 5 to 60% by weight (more preferably 1 0 to 50% by weight, still more preferably 1 0 to 
40% by weight), like in the case of EVOH (A). If such water content is less than 5% by weight, the effects (continuous 

20 moldability, discoloration prevention, production efficiency in heat-stretch molding) of the blending technique according 
to the present invention may not be obtained to a satisfactory extent. If, conversely, it is in excess of 60% by weight, par- 
tial separation of the resin and water may occur during melt kneading, unfavorably rendering the melt kneading process 
unstable. 

[0071] For the effects of the blending technique according to the present invention to be fully produced, it is desir- 

25 able that the difference in water content between EVOH (A) and EVOH (B) be not more than 40% by weight (preferably 
not more than 30% by weight, more preferably not more than 20% by weight). Since the water content of such an EVOH 
composition (blend) is reduced to less than 5% by weight according to the present invention, it is desirable that the 
mean water content, prior to melt kneading, of the EVOH composition (blend) composed of EVOH (A) and (B) be 
selected at a level not lower than 5% by weight (preferably 1 0 to 50% by weight, more preferably 1 0 to 40% by weight). 

30 [0072] In cases where the above EVOH composition further comprises an EVOH species (0), the mixing weight 
ratio among (A) to (0) may be selected so that the weight ratio (A)/[(B) + (0)] may amount to 99/1 to 1/99 (preferably 
95/5 to 5/95, more preferably 90/10 to 10/90). Further, it is desirable that the water content of EVOH (0) be 5 to 60% 
(preferably 1 0 to 50% by weight, more preferably 1 0 to 40% by weight) and that the difference in water content between 
EVOH (0) and EVOH (A) or (B) be not more than 40% by weight (preferably not more than 30% by weight, more pref- 

35 erably not more than 20% by weight). 

[0073] In this manner, the desired EVOH species or composition having a water content of less than 5% by weight 
is obtained. When, for example, such a twin screw extruder as mentioned above is used, such water content can be 
attained by adjusting various conditions, in particular the resin temperature (extruder temperatures as set) and the dis- 
charge rate (screw speed, resin feeding rate). For alleviating such troubles as bubble formation in the step of melt mold- 

40 ing (e.g. extrusion molding, injection molding) after melt kneading, it is desirable that such water content be reduced 
more preferably to 2% by weight or less, most preferably to 0.5% or less. 

[0074] After conducting the melt kneading according to the present invention, known drying treatment (e.g. hot air 
drying, drying by dielectric heating, drying by microwave heating) may be carried out in combination for the purpose of 
adjusting the water content of the EVOH species or composition, if necessary. 

45 [0075] In the practice of the present invention, such EVOH species or composition may contain, unless the objects 
of the invention are defeated, a lubricant such as a saturated fatty acid amide (e.g. stearamide), an unsaturated fatty 
acid amide (e.g. oleamide), a bis-fatty acid amide (e.g. ethylenebisstearamide), a fatty acid metal salt (e.g. calcium 
stearate) or a low molecular weight polyolefin (e.g. low molecular weight polyethylene or polypropylene with a molecular 
weight of about 500 to 10,000), an inorganic salt (e.g. hydrotalcite), a plasticizer (e.g. ethylene glycol, glycerol, hexan- 

50 ediol or like aliphatic polyhydric alcohol), an oxygen absorber (e.g. reduced iron powder, ascorbic acid), a heat stabi- 
lizer, a light stabilizer, an antioxidant, an ultraviolet absorber, a colorant, an antistatic agent, a surfactant, an 
antimicrobial agent, a deodorant (e.g. active carbon), an antiblocking agent (e.g. minute talc particles), a slipping agent 
(e.g. amorphous silica), a filler (e.g. inorganic filler), another resin (e.g. polyolefin, polyamide) and/or the like. These 
additives may also be added at the EVOH solution stage. 

55 

(Melt molding, laminate, stretching) 

[0076] In the above manner, high quality EVOH species or EVOH compositions (blends) excellent in appearance. 
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gas barrier properties, continuous nnoldability and discoloration suppression in lieat-stretch nnolding can be obtained by 
the method of the present invention. Further, by the method of the present invention, it is possible to obtain stable EVOH 
species or compositions continuously. The thus-obtained EVOH species or compositions can be used in various fields 
of application not only as single layers but also as laminates. In particular, they are preferably used as laminates pro- 
5 duced by providing at least one surface of a layer comprising any of such resins or resin compositions with a thermo- 
plastic resin layer. Thus, laminates provided with water resistance, favorable mechanical properties, heat sealability and 
so forth and suited for practical use are obtained. 

[0077] The laminates, in which the EVOH species or composition of the present invention is used, show very good 
effects in heat-stretch molding with respect to appearance, gas barrier properties and continuous moldability. In the fol- 

10 lowing, such a laminate is described. 

[0078] In producing the laminate, a layer of another material (e.g. thermoplastic resin) is laid on one or both sides 
of a layer of the EVOH species or composition prepared in accordance with the present invention. As the method of lam- 
ination, there may be mentioned, for example, the method comprising laminating a film, sheet or the like made of the 
EVOH species or composition according to the present invention with another material by melt extrusion, the method 

15 conversely comprising laminating another substrate with the EVOH of the invention by melt extrusion, the method com- 
prising coextruding the EVOH of the invention and another material, and the method comprising dry laminating a layer 
made of the EVOH of the invention with another substrate layer using a known adhesive, such as an organotitanium 
compound, isocyanate compound, polyester compound or polyurethane compound. The melt molding temperature in 
the above melt extrusion is selected within the range of 150 to 300°C in many instances. 

20 [0079] Useful as such another material are thermoplastic resins, specifically including polyolefin resins in a broad 
sense, for example olefin homopolymers and copolymers, such as linear low density polyethylene, low density polyeth- 
ylene, ultralow density polyethylene, medium density polyethylene, high density polyethylene, ethylene-vinyl acetate 
copolymers, ionomers, ethylene-propylene (block and random) copolymers, ethylene-acrylic acid copolymers, ethyl- 
ene-acrylic ester copolymers, polypropylene, propylene-a-olelfin (C4.20 a-olelfin) copolymers, polybutene and polypen- 

25 tene, or modifications of these olefin homopolymers and copolymers as derived by grafting with an unsaturated 
carboxylic acid or an ester thereof, as well as polyester resins, polyamide resins (inclusive of copolyamides), polyvinyl 
chloride, polyvinylidene chloride, acrylic resins, polystyrene, vinyl ester resins, polyester elastomers, polyurethane elas- 
tomers, chlorinated polyethylene, chlorinated polypropylene, aromatic or aliphatic polyketones, polyalcohols derived 
from these by reduction and, further, other EVOH species. From the practical viewpoint, for example considering phys- 

30 ical properties (in particular strength) of laminates, polypropylene, ethylene-propylene (block and random) copolymers, 
polyamides, polyethylene, ethylene-vinyl acetate copolymers, polystyrene, polyethylene terephthalate (PET) and poly- 
ethylene naphthalate (PEN) are preferred, however. 

[0080] Further, in the case of extrusion coating of another substrate with a film, sheet or the like molding made of 
the EVOH of the invention or laminating such molding with a film, sheet or the like made of another material using an 

35 adhesive, not only the above-mentioned thermoplastic materials but also any appropriate substrates (e.g. paper, metal 
foils, uniaxially or biaxially oriented plastics films or sheets and modification thereof derived by vapor deposition of an 
inorganic substance, woven fabrics, nonwoven fabrics, metal wool, wooden materials) can be used as such substrate. 
[0081] When the layer made of the EVOH of the invention is represented by a (a-|, a2, ...) and the another substrate, 
for example a thermoplastic resin layer by b (b^, bg, ...), the layer constitution of laminates includes, when the laminates 

40 are films, sheets or bottles, not only the bilayer constitution a/b but also such arbitrary combinations as b/a/b, a/b/a, 
a-|/a2/b, a/b-|/b2, b2/b-|/a/b-|/b2, b2/b-|/a/b-|/a/b-|/b2 and so forth and, further, when a regrind layer made of a mixture com- 
prising at least an EVOH composition and a thermoplastic resin is represented by R, the constitutions b/R/a, b/R/a/b, 
b/R/a/R/b, b/a/R/a/b, b/R/a/R/a/R/b and so forth are also possible. In the case of filaments or the like, such arbitrary 
combinations as the a/b bimetal type, core (a)-sheath (b) type, core (b)-sheath (a) type and eccentric core-sheath type 

45 are possible. 

[0082] In the layer constitutions mentioned above, an adhesive resin layer may be provided between respective 
neighboring layers, if necessary. As such adhesive resin, various species can be used, and they are preferred since 
laminates having good stretchability can be obtained by using them. The adhesive resins to be used may vary accord- 
ing to the type or species of the resin b, hence no general mention may be made. Nevertheless, there may be men- 

50 tioned carboxyl-containing modified olefin polymers obtained by chemically binding an unsaturated carboxylic acid or 
an anhydride thereof to olefin polymers (the above-mentioned polyolefin resins in a broad sense) by the addition reac- 
tion or graft reaction, for instance. Specifically, one or a mixture of two or more selected from among maleic anhydride- 
grafted modified polyethylene, maleic anhydride-grafted modified polypropylene, maleic anhydride-grafted modified 
ethylene-propylene (block and random) copolymers, maleic anhydride-grafted modified ethylene-ethyl acrylate copoly- 

55 mers and maleic anhydride-grafted modified ethylene-vinyl acetate copolymers may be mentioned as a preferred one. 
In the above case, the content of the unsaturated carboxylic acid or anhydride thereof in the thermoplastic resin is pref- 
erably 0.001 to 3% by weight, more preferably 0.01 to 1% by weight, most preferably 0.03 to 0.5% by weight. 
[0083] When the modifier content in the above modified resins is too low, the adhesiveness may become unsatis- 
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factory. Conversely, an excessive modification is undesirable, since the moldability may be sacrificed due to crosslink- 
ing. It is also possible to blend the resin of the present invention or another EVOH species, polyisobutylene, ethylene- 
propylene rubber or like rubber or elastomer component or, further, the resin of layer b or the like with the above adhe- 
sive resins. In particular, it is useful to blend a polyolefin resin-based adhesive resin with a different polyolefin resin, 

5 since the adhesiveness may be improved thereby. 

[0084] As for the appropriate thickness of each layer in the laminate, no general mention may be made since it 
depends on the layer constitution, species of b, use or container shape, required physical characteristics and so forth. 
Generally, however, the thickness of layer a is selected within the range of about 5 to 500 jim (preferably 1 0 to 200 |im), 
that of layer b within the range of about 1 0 to 5,000 jxm (preferably 30 to 1 ,000 |Lim), and that of the adhesive resin layer 

10 within the range of about 5 to 400 |Lim (preferably 10 to 150 lum). 

[0085] The above laminates may be used as they are in various shapes and sizes. Since, however, as mentioned 
above, the EVOH species or composition of the present invention is excellent in appearance, gas barrier properties and 
continuous moldability in heat-stretch molding, it is also desirable that the laminates be subjected to heat and stretch 
treatment for further improving the physical properties thereof. The heat and stretch treatment so referred to herein 

15 means the procedure for molding thermally uniformly heated laminates in the form of films, sheets or parisons uniformly 
into cups, trays, tubes, bottles, and films by means of chucks, plugs, vacuum force, compressed air force, blowing or the 
like. Such stretching may be uniaxial or biaxial and when it is carried out at a draw ratio as high as possible, stretched 
moldings better in physical properties and excellent in gas barrier properties can be obtained without pinhole or crack 
formation, uneven stretching or irregular section or delamination. 

20 [0086] The stretching or drawing method can be selected from among the roll stretching, tenter stretching, tubular 
stretching, stretch blowing, vacuum/pressure molding and other techniques so that a high draw ratio can be attained. 
In the case of biaxial stretching, either the technique of simultaneous biaxial stretching or the technique of successive 
biaxial stretching may be employed. The stretching temperature is selected within the range of about 60 to 170°C, pref- 
erably about 80 to 1 60°C. 

25 [0087] It is also desirable that thermal fixation be effected after completion of the stretching. The thermal fixation 
can be carried out by a well known method and the above stretched films and the like are subjected to heat treatment 
at 80 to 1 70°C, preferably 1 00 to 1 60°C, for about 2 to 600 seconds while maintaining them in a taut condition. 
[0088] For use in heat shrinking packaging of raw meat, processed meat, cheese or the like, the films are not sub- 
jected to thermal fixation after stretching but are used as they are as product films and, after wrapping the raw meat, 

30 processed meat, cheese or the like therein, they are subjected to heat treatment at about 50 to 1 30°C, preferably 70 to 
120°C, for about 2 to 300 seconds to thereby cause heat shrinkage of the films for attaining intimate contact wrapping. 
[0089] The thus-obtained laminates may have any arbitrary shape and size. As examples, there may be mentioned 
films, sheets, tapes, bottles, pipes, filaments and extruded profiles. If necessary, the laminates obtained may be sub- 
jected to heat treatment, cooling treatment, rolling treatment, printing treatment, dry laminating treatment, solution or 

35 melt coating treatment, bag making process, deep draw process, box making process, tube making process and/or 
splitting process, for instance. 

[0090] The cups, trays, tubes, bottles and like containers or stretched film-made bags or covers or covering devices 
are useful as packaging materials for foodstuffs, drinks, drugs, cosmetics, industrial chemicals, detergents, agrochem- 
icals, fuels and various other materials. 

40 

EFFECTS OF THE INVENTION 

[0091] According to the invention, EVOH is subjected to drying treatment by melt kneading and therefore the dis- 
coloration (yellowing) of EVOH can be prevented and the efficiency of EVOH production (drying) is good. 
45 [0092] When an EVOH composition is prepared by blending different EVOH species, a high quality EVOH compo- 
sition (EVOH blend) can be obtained while suppressing discoloration. Furthermore, according to the present invention, 
stable EVOH compositions can be obtained continuously with high efficiency. 

[0093] The EVOH species or composition obtained is useful also in the field of multilayer structures, giving multi- 
layer structures excellent in appearance, gas barrier properties and continuous moldability in heat and stretch molding, 
50 which are useful as packaging materials (e.g. films, sheets, containers) for foodstuffs, drinks, drugs, cosmetics, indus- 
trial chemicals, detergents, agrochemicals, fuels and so forth and as fibers and various moldings. 

EXAMPLES 

55 [0094] The following examples illustrate the present invention more specifically. 

[0095] In the examples, "part(s)" and "%" are on the weight basis, unless otherwise specified. 

[0096] The boric acid content in EVOH was determined by assaying boron by ICR emission spectrochemical anal- 
ysis following alkali fusion of the EVOH. The alkali or alkaline earth metal content was determined by assaying the alkali 
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or alkaline earth metal by atomic absorption spectrometry following ashing of EVOH and dissolution in aqueous hydro- 
chloric acid. 

Examples 1 to 12 and Comparative Example 1 

5 

Example 1 

[0097] A methanol solution (1) containing 40% of an ethylene-vinyl acetate (EVA) copolymer (A) with an ethylene 
content of 32 mole percent and a methanol solution (2) containing 40% of an ethylene-vinyl acetate copolymer (B) with 
10 an ethylene content of 47 mole percent were prepared. To 85 parts of the above EVA solution (1) was added 15 parts 
of the EVA solution (2), and the mixture was mixed up with stirring at 40°C. 

[0098] Then, the mixed solution was fed to the upper part of a plate column (saponification column) at a rate of 25 
kg/hr and, at the same time, a methanol solution containing sodium hydroxide in an amount of 0.012 equivalent relative 
to the average number of moles of the residual acetate group in the above EVAs was fed to the column from the upper 

15 part thereof. On the other hand, methanol vapor at a boiling point was fed from the column bottom at a rate of 40 kg/hr. 
The column inside temperature was 1 1 0°C and the column inside pressure was 3.5 kg/cm^ G. At 30 minutes after the 
start of charging, an EVOH composition solution was discharged from the column bottom. The EVOH composition solu- 
tion obtained was a transparent homogeneous solution and was composed of 29% of an EVOH composition and 71% 
of methanol and the average degree of saponification of the vinyl acetate component in the EVOH composition was 

20 99.1 mole percent. 

[0099] Then, after completion of the saponification reaction, the excess of methanol was distilled off while feeding 
70 parts of 30% water-methanol at its azeotropic point, to give a solution of the EVOH composition in a water/methanol 

mixture [water/methanol = 30/70 (by weight), resin concentration 32%]. 

[0100] The EVOH composition solution (liquid temperature 50°G) was then extruded, in the strand form, into a 
25 coagulation medium (composed of 95% water and 5% methanol) maintained at 5°G through a nozzle with a bore diam- 
eter of 4 mm to thereby cause coagulation of the EVOH composition in strand form. The strand-shaped EVOH compo- 
sition was led to take-up rolls provided at the end of the water bath and then cut with a cutter to give white porous pellets 
with a diameter of 4 mm and a length of 4 mm. 

[0101] The white porous pellets obtained were then poured into warm water at 30°G and the mixture was stirred for 
30 about 60 minutes. This washing procedure was repeated three times in all to give hydrous EVOH composition pellets 
(water content 60%), which were then contacted with nitrogen gas in an atmosphere at 80°C for 40 minutes using a col- 
umn type fluidized bed drier (empty column velocity 1 .6 m/sec), to give EVOH composition pellets with a water content 
of 25%. 

[0102] The thus-obtained EVOH composition pellets were then fed to a twin screw extruder equipped with a strand 
35 die and melt kneading was carried out under the conditions shown below. The resulting strand was passed through a 
water tank and thus cooled and then cut with a pelletizer, to give EVOH composition pellets with a water content of 
0.15%, an MFR of 4.8 g/10 min (210°G, load 2,160 g) and a sodium acetate content of 100 ppm (calculated as Na). The 
degree of saponification of the saponification product (EVOH) from EVA (A) in said composition was 99.5 mole percent 
and the MFR of said saponification product was 3.5 g/1 0 min (210°G, load 2,1 60 g), and the degree of saponification of 
40 the saponification product (EVOH) from EVA (B) was 96.8 mole percent and the MFR of said saponification product was 
30 g/10 min (210°G, load 2,160 g). Such saponification degree of each EVOH component was determined by grinding 
said composition pellets, subjecting the same to an extraction procedure using hot methanol and measuring the degree 
of saponification of each EVOH component thus separated. 

[0103] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
45 yellowing was observed at all. Such composition could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[Melt pelletization conditions using a twin screw extruder] 

50 

[0104] 



55 


Screw outside diameter 


57 mm 0 




L/D 


44 
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(continued) 



Strand die sliape 


12 bores with a diameter of 3.5 mm 0 


Screen mesh 


90/120/90 mesh 


Vent 


opened at sites C5 and C8; suction under 




vacuum at site C1 1 


Hooper inside 


sealed with nitrogen 


Screw speed 


1 00 rpm 


Cylinder temperatures as set (actually 


CI : 100°C (100°C) 


measured values in the parentheses) 


C2 : 100°C (100°C) 




C3 : 100°C (100°C) 




04 : 150°C (146°C) 




C5 : 200°C (198°C) 




C6 : 200°C (178°C) 




07 : 200°C (191°C) 




C8 : 200 0 (1 85°G) 




C9 : 200°C (198°C) 




CIO: 200°C (198°C) 




C1 1 : 200°C (1 96°C) 




CI 2: 200°C (202°C) 




O lO. ^UU L/ \^\JO L/j 




AD : 200°C (200°C) 




D : 200°C (199°C) 


Screw load 


1 05 Amp 


Resin pressure 


1 2 kg/cm^ 



35 

[0105] As shown above, the extruder cylinder temperature (T|) at the hopper opening site CI was 100°C and the 
extruder cylinder temperature (Tq) at the outlet site CI 3 was 203°C, hence the ratio Tq/Ti was 2.03 and thus satisfied 
the condition of formula (1) mentioned hereinabove. The temperature (Tp) (mean of CI to C4) of the feeding zone of 
the extruder was 1 1 1 .5°C and the metering zone temperature (T^) (mean of CI 0 to CI 3) was 1 99.75°C, hence the ratio 
40 T|v|/Tf was 1 99.75/1 1 1 .5 = 1 .79 and thus satisfied the condition of formula (2) mentioned hereinabove. 

[0106] Using the EVOH composition obtained in the above manner, a multilayer structure was produced in the fol- 
lowing manner (heat and stretch molding) and the structure was evaluated with respect to its appearance, gas barrier 
properties and continuous moldability. 

45 [Manufacture of a multilayer structure] 

[0107] The EVOH composition obtained in the above manner was fed,together with polystyrene ("Diarex HT516", 
product of A & M Styrene) and an adhesive resin ("Modic AP F502", modified olefin polymer; product of Mitsubishi 
Chemical), to a multilayer extruder equipped with a three-feed-block five-layer T die to give a multilayer sheet consisting 
50 of polystyrene layer/adhesive resin layer/EVOH composition layer/adhesive resin layer/polystyrene layer 
(450/90/1 20/90/450 jim in thickness). The sheet was then subjected to heat-stretch molding using a plug-assist vacuum 
forming machine (product of Asano Kenkyusho) (heater temperature 500°C, heating time 28 sec) to give multilayer 
structures, namely cups (top surface 65 mm 0, bottom 60 mm 0, depth 55 mm). 

[0108] Such multilayer structures were evaluated with respect to the appearance, gas barrier properties and con- 
55 tinuous moldability, as follows. 



13 



EP 1 085 028 A1 



(Appearance) 

[0109] The cups obtained above were observed under an optical nnicroscope. The following evaluation criteria were 
used. 

5 

O — No microscopic cracks, pinholes or local irregular sections were observed at all. 

A — Sonne nnicroscopic cracks, pinholes and/or local irregular sections were observed on the cup sidewalk 

X — A rennarkable number of microscopic cracks, pinholes and/or local irregular sections were observed on the cup 

sidewall. 

10 

(Gas barrier properties) 

[0110] The cups obtained above were each closely covered with an aluminum plate on the top and subjected to 
oxygen permeability testing (apparatus: Modern Control's OXTRAN 10/50; conditions: 23°C, 50% RH). 

15 

(Continuous moldability) 

[0111] The above heat-stretch molding procedure was carried out continuously for 2 hours and the thus-obtained 
120 cups were evaluated according to the following criteria: 

20 

@ — All the 120 cups were evaluated as Q '"^ the above appearance test. 
O — 1 1 7 to 1 1 9 cups were evaluated as Q the above appearance test. 
A — 1 1 1 to 1 1 6 cups were evaluated as Q '"^ the above appearance test. 
X — Not more than 1 1 0 cups were evaluated as Q '"^ the above appearance test. 

25 

Example 2 

[0112] An EVOH composition with a water content of 0.25% was obtained in the same manner as in Example 1 
except that the water content of the EVOH composition pellets was adjusted to 50% by modifying the drying conditions 

30 in the column type fluidized bed drier. 

[01 1 3] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent, without 
any sign of yellowing. Such composition could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletizing pro- 
cedure was conducted continuously for 1 0 hours; pellets were obtained stably without strand breakage; no foreign sub- 
stance or mucous substance was found at all. 

35 [0114] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

Example 3 

40 [0115] An EVOH composition with a water content of 0.25% was obtained in the same manner as in Example 1 
except that the water content of the EVOH composition pellets was adjusted to 10% by modifying the drying conditions 
in the column type fluidized bed drier. 

[0116] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent, without 

any sign of yellowing. Such composition could be obtained efficiently at a rate of 70 kg/hr. Further, said pelletizing pro- 
45 cedure was conducted continuously for 1 0 hours; pellets were obtained stably without strand breakage; no foreign sub- 
stance or mucous substance was found at all. 

Example 4 

50 [0117] A methanol solution (1) containing 40% of an ethylene-vinyl acetate copolymer (EVA) (A) with an ethylene 
content of 34 mole percent and a methanol solution (2) containing 40% of an ethylene-vinyl acetate copolymer (B) with 
an ethylene content of 44 mole percent were prepared. To 80 parts of the above EVA solution (1) was added 20 parts 
of the EVA solution (2), and the mixture was mixed up with stirring at 40°C. 

[0118] Then, the mixed solution was fed to the upper part of a plate column (saponification column) at a rate of 25 
55 kg/hr and, at the same time, a methanol solution containing sodium hydroxide in an amount of 0.012 equivalent relative 
to the average number of moles of the residual acetate group in the above EVAs was fed to the column from the upper 
part thereof. On the other hand, methanol vapor at a boiling point was fed from the column bottom at a rate of 40 kg/hr. 
The column inside temperature was 1 1 0°C and the column inside pressure was 3.5 kg/cm^ G. At 30 minutes after the 
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start of charging, an EVOH composition solution was discharged from the column bottom. The EVOH composition solu- 
tion obtained was a transparent homogeneous solution and was composed of 30% of an EVOH composition and 70% 
of methanol and the average degree of saponification of the vinyl acetate component in the EVOH composition was 
98.9 mole percent. 

5 [0119] Then, after completion of the saponification reaction, the excess of methanol was distilled off while feeding 
70 parts of 35% water-methanol at its azeotropic point, to give a solution of the EVOH composition in a water/methanol 
mixture [water/methanol = 35/65 (by weight), resin concentration 35%]. 

[0120] The EVOH composition solution (liquid temperature 50°C) was then extruded, in the strand form, into a 
coagulation medium (composed of 95% water and 5% methanol) maintained at 5°G through a nozzle with a bore diam- 

10 eter of 4 mm to thereby cause coagulation of the EVOH composition in strand form. The strand-shaped EVOH compo- 
sition was led to take-up rolls provided at the end of the water bath and then cut with a cutter to give white porous pellets 
with a diameter of 4 mm and a length of 4 mm. 

[0121] The white porous pellets obtained were then poured into warm water at 30°G and the mixture was stirred for 
about 60 minutes. This washing procedure was repeated three times in all to give hydrous EVOH composition pellets 

15 (water content 60%), which were then contacted with nitrogen gas in an atmosphere at 80°G for 40 minutes using a col- 
umn type fluidized bed column drier (empty column velocity 1 .6 m/sec), to give EVOH composition pellets with a water 
content of 25%. 

[0122] The thus-obtained EVOH composition pellets were then melt kneaded in the same manner as in Example 1 
to give EVOH composition pellets with a water content of 0.15%, an MFR of 4.1 g/10 min (210°G, load 2,160 g) and a 

20 sodium acetate content of 1 00 ppm (calculated as Na). The degree of saponification of the saponification product from 
EVA (A) in said composition was 99.6 mole percent and the MFR of said saponification product was 3.0 g/10 min 
(210°G, load 2,160 g), and the degree of saponification of the saponification product from EVA (B) was 96.1 mole per- 
cent and the MFR of said saponification product was 15 g/10 min (210°G, load 2,160 g). Such saponification degree of 
each EVOH component was determined by grinding said composition pellets, subjecting the same to an extraction pro- 

25 cedure using hot methanol and measuring the degree of saponification of each EVOH component thus separated. 
[0123] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

30 [0124] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

Example 5 

35 [0125] A methanol solution (1) containing 40% of an ethylene-vinyl acetate copolymer (EVA) (A) with an ethylene 

content of 32 mole percent, a methanol solution (2) containing 40% of an ethylene-vinyl acetate copolymer (B) with an 
ethylene content of 40 mole percent and a methanol solution (3) containing 40% of an ethylene-vinyl acetate copolymer 
(G) with an ethylene content of 49 mole percent were prepared. To 65 parts of the above EVA solution (1) were added 
20 parts of the EVA solution (2) and 1 5 parts of the EVA solution (3), and the mixture was mixed up with stirring at 40°G. 

40 [0126] Then, the mixed solution was fed to the upper part of a plate column (saponification column) at a rate of 20 
kg/hr and, at the same time, a methanol solution containing sodium hydroxide in an amount of 0.01 2 equivalent relative 
to the average number of moles of the residual acetate group in the above EVAs was fed to the column from the upper 
part thereof. On the other hand, methanol vapor at a boiling point was fed from the column bottom at a rate of 32 kg/hr. 
The column inside temperature was 1 10°G and the column inside pressure was 3.5 kg/cm^ G. At 40 minutes after the 

45 start of charging, an EVOH composition solution was discharged from the column bottom. The EVOH composition solu- 
tion obtained was a transparent homogeneous solution and was composed of 26% of an EVOH composition and 74% 
of methanol and the average degree of saponification of the vinyl acetate component in the EVOH composition was 
99.1 mole percent. 

[0127] Then, after completion of the saponification reaction, the excess of methanol was distilled off while feeding 
50 75 parts of 30% water-methanol at its azeotropic point, to give a solution of the EVOH composition in a water/methanol 
mixture [water/methanol = 30/70 (by weight), resin concentration 30%]. 

[0128] The EVOH composition solution (liquid temperature 50°G) was then extruded, in the strand form, into a 
coagulation medium (composed of 95% water and 5% methanol) maintained at 5°G through a nozzle with a bore diam- 
eter of 4 mm to thereby cause coagulation of the EVOH composition in strand form. The strand-shaped EVOH compo- 
55 sition was led to take-up rolls provided at the end of the water bath and then cut with a cutter to give white porous pellets 
with a diameter of 4 mm and a length of 4 mm. 

[0129] The white porous pellets obtained were then poured into warm water at 30°G and the mixture was stirred for 
about 60 minutes. This washing procedure was repeated three times in all to give hydrous EVOH composition pellets 
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(water content 60%), which were then contacted with nitrogen gas in an atmosphere at 75°C for 35 minutes using a col- 
umn type fluidized bed column drier (empty column velocity 1 .6 m/sec), to give EVOH composition pellets with a water 
content of 30%. 

[0130] The thus-obtained EVOH composition pellets were then melt kneaded in the same manner as in Example 1 
to give EVOH composition pellets with a water content of 0.15%, an MFR of 5.0 g/10 min (210°C, load 2,160 g) and a 
sodium acetate content of 1 00 ppm (calculated as Na). The degree of saponification of the saponification product from 
EVA (A) in said composition was 99.5 mole percent and the MFR of said saponification product was 3.5 g/10 min 
(210°G, load 2,160 g), the degree of saponification of the saponification product from EVA (B) was 99.5 mole percent 
and the MFR of said saponification product was 4.0 g/1 0 min (210°C, load 2,1 60 g), and the degree of saponification of 
EVA (C) was 97.0 mole percent and the M FR of the saponification product was 30 g/1 0 min (21 0°C, load 2, 1 60 g). Such 
saponification degree of each EVOH component was determined by grinding said composition pellets, subjecting the 
same to a extraction procedure using hot methanol and measuring the degree of saponification of each EVOH compo- 
nent thus separated. 

[0131] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 

yellowing was observed at all. Such composition could be obtained efficiently at a rate of 55 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0132] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

Example 6 

[0133] An EVOH composition (pellets) with a water content of 0.22% was obtained in the same manner as in Exam- 
ple 1 except that the extrusion temperatures among the melt kneading conditions in the twin screw extruder were mod- 
ified as follows: 



Cylinder temperatures as set 


01 : 50°C (50°C) 


(actually measured values in the 


02: 100°C(100°C) 


parentheses) 




03: 150°O(145°C) 




04 : 200°O (1 98°0) 




05 : 230°O (228°0) 




06 : 230°O (227°0) 




07 : 230°O (227°0) 




08 : 230°O (224°0) 




09 : 230°O (229°0) 




01 0: 230°O 




(230°O) 




01 1 : 230°O 




(230°O) 




012: 230°O 




(231 °0) 




013: 230°O 




(23 ro) 




AD : 230°O 




(230°O) 




D : 230°O (229°0) 



[0134] As shown above, the extruder cylinder temperature (T|) at the hopper opening site 01 was 50°O and the 
extruder cylinder temperature (Tq) at the outlet site 01 3 was 231 °0, hence the ratio Tq/Ti was 4.62 and thus satisfied 
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the condition of formula (1) mentioned hereinabove. The temperature (Tp) (mean of C1 to C4) of the feeding zone of 
the extruder was 1 23.25°C and the metering zone temperature (7^) (mean of C1 0 to C1 3) was 230. 5°C, hence the ratio 
Tm/Tf was 230.5/123.25 = 1 .87 and thus satisfied the condition of formula (2) mentioned hereinabove. 
[0135] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
5 yellowing was observed at all. Such composition could be obtained efficiently at a rate of 70 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0136] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in example 1. 

10 

Example 7 

[0137] An EVOH composition (pellets) with a water content of 0.20% was obtained in the same manner as in Exam- 
ple 1 except that the extrusion temperatures among the melt kneading conditions in the twin screw extruder were mod- 
15 ified as follows: 



Cylinder temperatures as set 


CI : 30°C (31 °C) 


(actually measured values in the 


C2 : 50°C (50°C) 


parentheses) 




C3 : 50°C (62°C) 




C4: 100°C (97°C) 




C5:250°C (241 °C) 




C6:250°C (241 °C) 




C7 : 250°C (249°C) 




C8 : 250°C (248°C) 




C9 : 250°C (250°C) 




CIO: 250°C 




(250°C) 




C1 1 : 250°C 




(251 °C) 




CI 2: 250°C 




(251 °C) 




CI 3: 250°C 




(252°C) 




AD : 250°C 




(250°C) 




D : 250°C (250°C) 



[0138] As shown above, the extruder cylinder temperature (T|) at the hopper opening site CI was 31 °C and the 
extruder cylinder temperature (Tq) at the outlet site CI 3 was 252°C, hence the ratio TqIT\ was 252/31 = 8.1 3 and thus 
satisfied the condition of formula (1) mentioned hereinabove. The temperature (Tp) (mean of CI to C4) of the feeding 

50 zone of the extruder was 60°C and the metering zone temperature (T|^) (mean of CI 0 to CI 3) was 251 °C, hence the 
ratio Ty/Tp was 251/60 = 4.1 8 and thus satisfied the condition of formula (2) mentioned hereinabove. 
[0139] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 70 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 

55 eign substance or mucous substance was found at all. 

[0140] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 
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Example 8 

[0141] An EVOH composition (pellets) with a water content of 0.20% was obtained in the same manner as in Exam- 
ple 1 except that the melt kneading conditions in the twin screw extruder were modified as follows: 

5 





Screw outside diameter 


83 mm 0 


10 


L/D 


30 




Strand die shape 


20 bores with a diameter of 4.5 mm 0 




Screen mesh 


90/120/90 mesh 




Vent 


opened at site C3; suction under vacuum at site C5 


15 


Hooper inside 


sealed with nitrogen 




Screw speed 


200 rpm 




Cylinder temperatures as set (actually 


C1 : 100°C(99°C) 


20 


measured values in the parentheses) 


C2 : 1 00°C (99°C) 






C3 : 100°C (100°C) 






C4 : 150°C (163°C) 






C5 : 200°C (219°C) 


25 




C6 : 200°C (222°C) 






AD : 200°C (220°C) 






D : 200°C (229°C) 


30 


Screw load 


140 Amp 




Resin pressure 


1 00 kg/cm^ 



[0142] As shown above, the extruder cylinder temperature (T|) at the hopper opening site CI was 99°C and the 
35 extruder cylinder temperature (Tq) at the outlet site C6 was 222°C, hence the ratio To/T\ was 2.24 and thus satisfied 

the condition of formula (1 ) mentioned hereinabove. The temperature (Tp) (mean of CI and C2) of the feeding zone of 

the extruder was 99°C and the metering zone temperature (Ty) (mean of C5 and C6) was 220.5°C, hence the ratio 

Ty/Tp was 220.5/99 = 2.23 and thus satisfied the condition of formula (2) mentioned hereinabove. 

[0143] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
40 yellowing was observed at all. Such composition could be obtained efficiently at a rate of 150 kg/hr. Further, said pel- 

letizing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no 

foreign substance or mucous substance was found at all. 

[0144] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

45 

Example 9 

[0145] An EVOH composition (pellets) with a water content of 0.25% was obtained in the same manner as in Exam- 
ple 1 except that the melt kneading conditions in the twin screw extruder were modified as follows: 

50 



Screw outside diameter 


30 mm 0 


UD 


42 


Strand die shape 


2 bores with a diameter of 3.5 mm 0 


Screen mesh 


90/90 mesh 
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(continued) 





Vent 


opened at site C4; suction under vacuum at site C6 




Hooper inside 


sealed with nitrogen 


5 


Screw speed 


1 20 rpm 




Cylinder temperatures as set (actually 


CI : 100°C (100°C) 




measured values in the parentheses) 


C2 : 100°C (100°C) 


10 




C3 : 100°C (1 00°C) 




C4 : 150°C (143°C) 






C5 : 200°C (198°C) 






C6 : 200°C (196°C) 


15 










AD : 200°C (200°C) 






D : 200°C (200°C) 


20 


Screw load 


20 Amp 




Resin pressure 


75 kg/cm^ 



[0146] As shown above, the extruder cylinder temperature (T|) at the hopper opening site C1 was 100°C and the 
25 extruder cylinder temperature (Tq) at the outlet site C7 was 200°C, hence the ratio Tq/T^ was 2 and thus satisfied the 
condition of formula (1) mentioned hereinabove. The temperature (Tp) (mean of C1 and C2) of the feeding zone of the 
extruder was 100°C and the metering zone temperature (Ty) (mean of C6 and C7) was 198°C, hence the ratio Tm/Tf 
was 198/100 = 1.98 and thus satisfied the condition of formula (2) mentioned hereinabove. 

[0147] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
30 yellowing was observed at all. Such composition could be obtained efficiently at a rate of 1 0 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0148] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

35 

Example 10 

[0149] An EVOH composition (pellets) with a water content of 0.28% was obtained in the same manner as in Exam- 
ple 1 except that a single screw extruder was used and the melt kneading conditions were modified as follows: 

40 





Screw outside diameter 


75 mm 0 


45 


L/D 


36 




Strand die shape 


24 bores with a diameter of 4.5 mm 0 




Screen mesh 


90/90 mesh 




Vent 


opened at site C3; suction under vacuum at site 06 


50 


Hooper inside 


sealed with nitrogen 




Screw speed 


200 rpm 



55 
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(continued) 



Cylinder temperatures as set (actually measured values in 


C1 : 1 00°C (97°C) 


the parentheses) 


C2 : 1 00°C (99°C) 




C3 : 1 00°C (99°C) 




C4 : 150°C (159°C) 




C5 : 200°C (21 8°C) 




C6 : 300°C (277°C) 








AD : 200°C (270°C) 




D : 200°C (270°C) 


Screw load 


120 Amp 


Resin pressure 


70 kg/cm^ 



[0150] As shown above, the extruder cylinder temperature (T|) at the hopper opening site CI was 97°C and the 

extruder cylinder temperature (Tq) at the outlet site 07 was 277°C, hence the ratio To/T\ was 2.86 and thus satisfied 
the condition of formula (1) mentioned hereinabove. The temperature (Tp) (mean of CI and C2) of the feeding zone of 
the extruder was 98°C and the metering zone temperature (T^) (mean of C6 and C7) was 277°C, hence the ratio T^/Tf 
was 277/98 = 2.83 and thus satisfied the condition of formula (2) mentioned hereinabove. 

[0151] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 100 kg/hr. Further, said pel- 
letizing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no 
foreign substance or mucous substance was found at all. 

[0152] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

Example 1 1 

[0153] An EVOH composition (pellets) with a water content of 0.15% was obtained in the same manner as Example 
1 except that the EVOH composition in white porous pellet form as obtained in Example 1 (coagulation precipitate) was 
washed with a 0.5% aqueous solution of acetic acid and then introduced into an aqueous solution containing 0.1% of 

acetic acid, 0.03% of magnesium acetate and 0.02% of calcium acetate, followed by stirring at 30°O for 5 hours, to give 
hydrous EVOH composition pellets [the EVOH composition after drying containing 100 ppm of acetic acid, 35 ppm (as 
Mg) of magnesium acetate and 20 ppm (as Ca) of calcium acetate]. 

[0154] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0155] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

Example 12 

[0156] An EVOH composition (pellets) with a water content of 0.1 5% was obtained in the same manner as Example 

1 except that the EVOH composition in white porous pellet form as obtained in Example 1 (coagulation precipitate) was 
washed with warm water and then introduced into an aqueous solution containing 0.08% of boric acid, followed by stir- 
ring at 30°C for 5 hours, to give hydrous EVOH composition pellets [the EVOH composition after drying containing 380 
ppm (as boron) of boric acid]. 

[0157] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 

yellowing was observed at all. Such composition could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0158] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 
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Comparative Example 1 

[0159] According to the procedure of Example 1, an ethylene-vinyl acetate copolymer (A) and an ethylene-vinyl 
acetate copolymer (B) were separately subjected to saponification (degree of saponification: (A) 99.5 mole percent, (B) 
96.8 mole percent) and the dried pellets (water content: EVOH pellets (A) 0.30%, EVOH (B) 0.25%) were dry-blended 
In a predetermined ratio and fed to the twin screw extruder for melt kneading at 200°C, to give an EVOH composition 
(pellets) with a water content of 0.1 0%. 

[0160] Upon observation, by the eye, of the EVOH composition (pellets) obtained, slight discoloration (yellowing) 
was found. The rate of production of the EVOH composition as calculated from the drying step, inclusive, was about 1 

kg/hr and thus the efficiency was low. 

[0161] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

[0162] The results of the appearance, gas barrier properties and continuous moldability evaluations as obtained in 
the above examples and comparative example are summarized in Table 1 . 



Table 1 





Appearance 


Gas barrier properties 


Continuous 
moldability 


Example 1 


o 


0.31 


® 


Example 2 


o 


0.31 


® 


Example 3 


o 


0.31 


® 


Example 4 


o 


0.44 


@ 


Example 5 


o 


0.34 


® 


Example 6 


o 


0.31 


® 


Example 7 


o 


0.31 


® 


Example 8 


o 


0.31 


® 


Example 9 


o 


0.32 


® 


Example 10 


o 


0.31 


® 


Example 1 1 


o 


0.30 


® 


Example 1 2 


o 


0.30 


® 


Compar. Ex. 1 


o 


0.33 


X 


Notes) The gas barrier properties are represented by the oxygen permea- 
bility, cc/m^ • day • atm. 



Examples 13 to 23 and Comparative Example 2 

[0163] In Examples 13 to 23, which are described below, the melt pelletization was carried out using a twin screw 
extruder under the conditions specified below in Table 2. 
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Table 2 





Conditions 


Ex. 13 


Ex. 17 


Ex. 18 


Ex. 19 


Ex. 20 


Ex. 21 


5 


Screw outside 
dianneter (mm 
0) 


57 


57 


57 


83 


30 


75 




UD 


44 


44 


44 


30 


42 


36 


10 


Strand die 

sin ape 


3.5 


3.5 


3.5 


4.5 


3.5 


4.5 


15 


Diameter (mm 
0)/n umber of 
bores 


/1 2 


/12 


/1 2 


/20 


/2 


/24 




Screen mesh 
(mesli) 


90/120/90 


90/120/90 


90/120/90 


90/120/90 


90/90 


90/90 




Vent 














20 


Opened at 


C5, C8 


C5, C8 


C5, C8 


C3 


C4 


C3 




Suctioned 
under vacuum 
at 


C11 


C11 


C11 


C5 


C6 


C6 


25 


Hopper sealing 


N2 


N2 


N2 


N2 


N2 


N2 




Screw speed 
(rpm) 


100 


100 


100 


200 


120 


200 


30 


Cylinder tem- 
perature as set 
(actually meas- 
ured tempera- 
ture) 














JO 


C1 


100°C 
(100°C) 


50°C (50°C) 


30°C (32°C) 


100°C 
(100°C) 


100°C 
(100°C) 


100°C (97°C) 




C2 


100°C 
(100°C) 


100°C 
(100°C) 


50°C (50°C) 


100°C 
(100°C) 


100°C 
(100°C) 


100°C (99°C) 


40 


C3 


100°C 
(100°C) 


150°C 
(145°C) 


50°C (64°C) 


100°C 
(100°C) 


100°C 
(100°C) 


100°C (99°C) 




C4 


150°C 
(146°C) 


200°C 
(198°C) 


100°C (97°C) 


150°C 
(1 63°C) 


150°C 
(143°C) 


150°C 
(158°C) 


45 


C5 


200°C 
(198°C) 


230°C 
(228°C) 


250°C 
(241 °C) 


200°C 
(221 °C) 


200°C 
(198°C) 


200°C 
(218°C) 




C6 


200°C 
(178°C) 


230°C 
(227°C) 


250°C 
(241 °C) 


200°C 
(222°C) 


200°C 
(194°C) 


300°C 
(277°C) 


50 


C7 


200°C 
(191°C) 


230°C 
(227°C) 


250°C 
(249°C) 




200°C 
(200°C) 


300°C 
(276°C) 
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Table 2 (continued) 





C8 


200°C 


230°C 


250°C 








5 




(185°C) 


(224°C) 


(248°C) 










C9 


200°C 


230°C 


250°C 












(198°C) 


(229°C) 


(250°C) 










CIO 


200°C 


230°C 


250°C 








10 




(198°C) 


(230°C) 


(250°C) 










C11 


200°C 


230°C 


250°C 












(196°C) 


(230°C) 


(251 °C) 










C12 


200°C 


230°C 


250°C 








15 




(203°C) 


(231 °C) 


(252°C) 










C13 


200°C 


230°C 


250°C 












(204°C) 


(232°C) 


(252°C) 










AD 


200°C 


230°C 


250°C 


200°C 


200°C 


200°C 


20 




(200°C) 


(230°C) 


(250°C) 


(220°C) 


(200°C) 


(270°C) 




D 


200 C 


230 C 


250°C 


200 C 


200 C 


200 C 






(1 99°C) 


(229°C) 


(250°C) 


(220°C) 


(200°C) 


(270°C) 




Tq/Ti (C13/C1) 


2.04 


4.64 


7.88 








25 


Tm^f (C10- 


1 .80 


1 .87 


4.14 










13/C1-4) 
















Tq/Ti (C6/C1) 








2.22 








Tm^F (C5- 








2.22 






30 


6/C1-2) 
















Tq/Ti (C7/C1) 










2.00 


2.85 




Tm/Tf (C6- 










1.97 


2.82 




7/C1-2) 














35 


Screw load 


105 


105 


105 


140 


20 


120 




(Amp) 
















Resin pressure 


12 


12 


12 


100 


75 


70 




(kg/cm^) 















40 



Example 13 

[0164] Saponification was carried out at 1 1 0°C over 2.5 hours by feeding 40 parts of a methanol solution containing 

6% of sodium hydroxide and 2,500 parts of methanol continuously to 1 ,000 parts of a methanol solution containing 40% 
45 of an ethylene-vinyl acetate copolymer with an ethylene content of 32 mole percent while distilling off the byproduct 
methyl acetate and the excess methanol from the system, to give EVOH with a degree of saponification of the vinyl ace- 
tate moieties of 99.5 mole percent. After completion of the saponification reaction, the excess methanol was distilled off 
while feeding 450 parts of 50% water-methanol at an azeotropic point, to give an EVOH solution in a water-methanol 
mixture [water/methanol = 50/50 (by weight), resin concentration 40%]. 
50 [0165] The EVOH solution (liquid temperature 50°G) was then extruded, in the strand form, into a coagulation 
medium (composed of 95% of water and 5% of methanol) maintained at 5°G through a nozzle having a bore size of 4 
mm, to thereby cause the EVOH to coagulate in strand form. The strand-shaped EVOH was led to take-up rolls provided 
at the end of the water bath and then cut with a cutter to give white porous pellets with a diameter of 4 mm and a length 
of 4 mm. 

55 [0166] Further, the white porous pellets obtained were introduced into 1 ,000 parts of warm water at 30°G and the 
mixture was stirred for about 240 minutes to effect washing. The thus-obtained hydrous EVOH pellets (water content 

60%) were then contacted with nitrogen gas in an atmosphere at 80°G for 40 minutes in a column type fluidized bed 
drier (empty column speed 1 .6 m/sec) to give EVOH pellets (A) with a water content of 25% and an MFR of 3.5 g/10 
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min (in absolutely dried state; 210°C, load 2,160 g). 

[0167] Separately, EVOH pellets (B) with a water content of 30%, an ethylene content of 47 mole percent, a degree 
of saponification of 96.8 mole percent and an MFR of 30 g/10 min (in absolutely dried state; 210°C, load 2,160 g) were 
obtained in the same manner as mentioned above. 
5 [0168] Then, 84 parts of the EVOH pellets (A) and 1 6 parts of the EVOH pellets (B) thus obtained were dry-blended 
and the mixture was fed to a twin screw extruder equipped with a strand die and melt kneading was effected under the 
conditions shown below. The strand formed was passed through a water tank and thus cooled and then cut with a pel- 
letizer to give EVOH composition pellets with a water content of 0.15% and a sodium acetate content of 100 ppm (as 
Na). 

10 [0169] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0170] The melt pelletizing conditions in the twin screw extruder were as shown above in Table 2. 

15 [0171] Using the EVOH composition obtained in the above manner, multilayer structures were produced in the 
same manner as in Example 1 (heat-stretch molding) and the appearance, gas barrier properties and continuous mold- 
ability were evaluated in the same manner as in Example 1 . 

Example 14 

20 

[0172] An EVOH composition (pellets) with a water content of 0.22% was obtained in the same manner as in Exam- 
ple 13 except that the water content of EVOH pellets (A) was adjusted to 40% and the water content of EVOH pellets 
(B) to 35% by modifying the drying conditions in the column type fluidized bed drier. 

25 Example 15 

[0173] An EVOH composition (pellets) with a water content of 0.1 5% and a sodium acetate content of 1 20 ppm (as 
Na) was obtained in the same manner as in Example 13 except that EVOH pellets (A) with a water content of 15%, an 
ethylene content of 34 mole percent, a saponification degree of 99.6 mole percent and an MFR of 3.0 g/1 0 min (in abso- 
30 lutely dried state; 210°C, load 2,160 g) and EVOH pellets (B) with a water content of 15%, an ethylene content of 44 
mole percent, a saponification degree of 96.1 mole percent and an MFR of 15 g/10 min (in absolutely dried state; 
21 0°G, load 2,1 60 g) were used at a mixing weight ratio of (A)/(B) = 80/20. 

[0174] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 70 kg/hr. Further, said pelletiz- 
35 ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0175] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

40 Example 16 

[0176] An EVOH composition (pellets) with a water content of 0.1 8% and a sodium acetate content of 1 35 ppm (as 
Na) was obtained in the same manner as in Example 13 except that EVOH pellets (A) with a water content of 25%, an 
ethylene content of 32 mole percent, a saponification degree of 99.5 mole percent and an MFR of 3.5 g/1 0 min (in abso- 

45 lutely dried state; 210°G, load 2,160 g) , EVOH pellets (B) with a water content of 30%, an ethylene content of 49 mole 
percent, a saponification degree of 97.0 mole percent and an MFR of 30 g/1 0 min (in absolutely dried state; 21 0°G, load 
2,160 g) and EVOH pellets (0) with a water content of 25%, an ethylene content of 40 mole percent, a saponification 
degree of 99.5 mole percent and an MFR of 4.0 g/10 min (in absolutely dried state; 210°G, load 2,160 g) were used at 
a mixing weight ratio of (A)/(B)/(G) = 65/15/20. 

50 [0177] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 60 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0178] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
55 thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 
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Example 17 

[0179] An EVOH composition (pellets) with a water content of 0.22% was obtained in the same manner as in Exam- 
ple 13 except that, among the melt kneading conditions in the twin screw extruder, the extrusion temperature conditions 
were modified as shown in Table 2. 

[0180] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 70 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0181] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

Example 18 

[0182] An EVOH composition (pellets) with a water content of 0.20% was obtained in the same manner as in Exam- 
ple 13 except that, among the melt kneading conditions in the twin screw extruder, the extrusion temperature conditions 
were modified as shown in Table 2. 

[0183] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 70 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0184] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

Example 19 

[0185] An EVOH composition (pellets) with a water content of 0.20% was obtained in the same manner as in Exam- 
ple 1 3 except that, among the melt kneading conditions in the twin screw extruder, the extrusion temperature conditions 
were modified as shown in Table 2. 

[0186] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 150 kg/hr. Further, said pel- 
letizing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no 
foreign substance or mucous substance was found at all. 

[0187] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

Example 20 

[0188] An EVOH composition (pellets) with a water content of 0.25% was obtained in the same manner as in Exam- 
ple 13 except that the melt kneading conditions in the twin screw extruder were modified as shown in Table 2. 
[0189] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 10 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0190] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

Example 21 

[0191] An EVOH composition (pellets) with a water content of 0.28% was obtained in the same manner as in Exam- 
ple 13 except that a single screw extruder was used and that the melt kneading conditions were modified as shown in 
Table 2. 

[0192] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 100 kg/hr. Further, said pel- 
letizing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no 
foreign substance or mucous substance was found at all. 

[0193] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 
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Example 22 

[0194] An EVOH composition (pellets) with a water content of 0.1 5% was obtained in the same manner as in Exam- 
ple 13 except that the white porous pellets (A) obtained were washed with a 0.5% aqueous solution of acetic acid and 
then introduced into an aqueous solution containing 0.1% of acetic acid, 0.03% of magnesium acetate and 0.02% of 
calcium acetate and the mixture was stirred at 30°C for 5 hours to give hydrous EVOH pellets (A) [100 ppm of acetic 
acid, 35 ppm (as magnesium) of magnesium acetate and 20 ppm (as calcium) of calcium acetate being contained in 
the EVOH (A) after drying]. 

[0195] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 

yellowing was observed at all. Such composition could be obtained efficiently at a rate of 50 kg/hr. Further, said palletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0196] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

Example 23 

[0197] An EVOH composition (pellets) with a water content of 0.1 5% was obtained in the same manner as in Exam- 
ple 13 except that the white porous pellets (B) obtained were washed with warm water and then introduced into an 

aqueous solution containing 0.08% of boric acid and the mixture was stirred at 30°C for 5 hours to give hydrous EVOH 
pellets (B) [380 ppm (as boron) of boric acid being contained in the EVOH (B) after drying]. 

[0198] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 

yellowing was observed at all. Such composition could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0199] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

Comparative Example 2 

[0200] An EVOH composition (pellets) with a water content of 0.1 0% was obtained in the same manner as in Exam- 
ple 1 3 except that the water content of EVOH pellets (A) was adjusted to 0.30% and the water content of EVOH pellets 
(B) to 0.25% by modifying the drying conditions in the column type fluidized bed drier. 

[0201] Upon observation, by the eye, of the EVOH composition (pellets) obtained, slight discoloration (yellowing) 
was found. The rate of production of the EVOH composition as calculated from the drying step, inclusive, was about 1 
kg/hr and thus the efficiency was low. 

[0202] Using the pellets, multilayer structures were produced and the appearance and gas barrier properties 
thereof and the continuous moldability were evaluated in the same manner as in Example 1 . 

[0203] The results of the appearance, gas barrier properties and continuous moldability evaluations as obtained in 
the above examples and comparative example are summarized in Table 3. 



Table 3 





Appearance 


Gas barrier properties 


Continuous 
moldability 


Example 13 


o 


0.31 


® 


Example 14 


o 


0.38 


® 


Example 15 


o 


0.44 


® 


Example 16 


o 


0.34 


® 


Example 17 


o 


0.31 


® 


Example 18 


o 


0.31 


® 


Example 19 


o 


0.31 


® 


Example 20 


o 


0.31 


® 
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Table 3 (continued) 





Appearance 


Gas barrier properties 


Continuous 
moldability 


Example 21 


O 


0.32 


o 


Example 22 


O 


0.31 


® 


Example 23 


o 


0.30 


® 


Compar. Ex. 2 


o 


0.33 


X 


Notes) The gas barrier properties are represented by the oxygen perme- 
ability, cc/m^ • day • atm. 



Example 24 to 34 and Comparative Example 3 

[0204] In Examples 24 to 34, which are described below, the melt pelletization was carried out using a twin screw 
extruder under the conditions specified below in Table 4. 



Table 4 



Conditions 


Ex. 24 


Ex. 28 


Ex. 29 


Ex. 30 


Ex. 31 


Ex. 32 


Screw outside 
diameter (mm 

0) 


57 


57 


57 


83 


30 


75 


L/D 


44 


44 


44 


30 


42 


36 


Strand die 
shape 


3.5 


3.5 


3.5 


4.5 


3.5 


4.5 


Diameter (mm 
0)/number of 
bores 


/1 2 


/1 2 


/1 2 


/20 


12. 


/24 


Screen mesh 
(mesh) 


90/120/90 


90/120/90 


90/120/90 


90/120/90 


90/90 


90/90 


Vent 














Opened at 


C5, C8 


C5, C8 


C5, C8 


C3 


C4 


C3 


Suctioned 
under vacuum 
at 


C11 


C11 


C11 


C5 


C6 


C6 


Hopper sealing 


N2 


N2 


N2 


N2 


N2 


N2 


Screw speed 
(rpm) 


100 


100 


100 


200 


120 


200 


Cylinder tem- 
perature as set 
(actually meas- 
ured tempera- 
ture) 
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Table 4 (continued) 



5 


CI 


100°C 
(100°C) 


50°C (50°C) 


30°C (31 °C) 


100°C 

(100°C) 


100°C 

(100°C) 


100°C (97°C) 




C2 


100°C 
(100°C) 


100°C 
(100°C) 


50°C (50°C) 


100°C (99°C) 


100°C 
(100°C) 


100°C (99°C) 


10 


C3 


100°C 

(100°C) 


150°C 

(145°C) 


50°C (62°C) 


100°C 

(100°C) 


100°C 

(100°C) 


100°C (99°C) 




C4 


150°C 
(146°C) 


200°C 
(198°C) 


1 00°C (97°C) 


150°C 
(163°C) 


150°C 
(143°C) 


150°C 
(158°C) 


15 


C5 


200°C 

(198°C) 


230°C 
(228°C) 


250°C 
(241 °C) 


200°C 

(220°C) 


200°C 
(198°C) 


200°C 
(218°C) 




C6 


200°C 
(178°C) 


230°C 
(227°C) 


250°C 
(241 °C) 


200°C 
(222°C) 


200°C 
(1 94°C) 


300°C 
(277°C) 


20 


C7 
C8 


200°C 

(i9rG) 

200°C 
(185°C) 


230°C 
(227°C) 

230°C 
(224°C) 


250°C 
(249°C) 

250°C 
(248°C) 




200°C 
(200°C) 


300°C 
(277°C) 


25 


C9 
CIO 


200°C 
(198°C) 

200°C 
(198°C) 


230°C 

(229°C) 

230°C 
(230°C) 


250°C 
(250°C) 

250°C 
(250°C) 








30 


C11 
C12 


200°C 

(196°C) 

200°C 
(202°C) 


230°C 

(230°C) 

230°C 
(231 °C) 


250°C 
(251 °C) 

250°C 
(252°C) 








35 


C13 


200°C 

(204°C) 


230°C 

(231 °C) 


250°C 

(252°G) 








AD 


200°C 
(200°C) 


230°C 
(230°C) 


250°C 
(250°C) 


200°C 
(220°C) 


200°C 
(200°C) 


200°C 
(270°C) 


40 


D 


200°C 

(199°C) 


230°C 

(229°C) 


250°C 

(250°C) 


200°C 
(220°C) 


200°C 
(200°C) 


200°C 
(270°C) 




TrJT\ fC13/C1^ 

Tm/Tf (CIO- 
13/C1 -4) 


2.04 
1.79 


4.62 
1.87 


8.1 3 
4.19 








45 


Tq/T, (C6/C1) 

Tm/Tf (C5- 
6/C1-2) 

Tq/Ti (C7/C1) 








2.22 
2.22 


2.00 


2.86 


50 


Tm^F (C6- 
7/C1-2) 










1.97 


2.83 




Screw load 
(Amp) 


105 


105 


105 


140 


20 


120 


55 


Resin pressure 
(kg/cnn^) 


12 


12 


12 


100 


75 


70 
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Example 24 

[0205] A solution (1) containing 40% of an EVOH species (A) with an ethylene content (XI) of 32 nnole percent, a 
saponification degree of 99.5 nnole percent and an MFR of 3.5 g/1 0 nnin (21 0°C, load 2,1 60 g) in a water-nnethanol nnix- 

5 ture [water/methanol mixing weight ratio = 50/50, water content (Y1) = 50%] and a solution (2) containing 35% of an 
EVOH species (B) with an ethylene content (X2) of 47 mole percent, a saponification degree of 96.8 mole percent and 
an MFR of 30 g/1 0 min (21 0°C, load 2,1 60 g) in a water-methanol mixture [water/methanol mixing weight ratio = 20/80, 
water content (Y2) = 20%] were prepared. Thus, the water content (Y1) of the solvent in the mixed solution (1 ) was 50%, 
and substitution of the above ethylene content (X1 = 32 mole percent) into the formula (3) given hereinabove gave 56 

10 > Y1 > 36; hence, such water content (Y1 ) satisfied the conditions of formula (3). The water content (Y2) of the solvent 
in the mixed solution (2) was 20%, and substitution of the above ethylene content (X2 = 47 mole percent) into the for- 
mula (3) given hereinabove gave 27 > Y2 > 7; hence, such water content (Y2) satisfied the conditions of formula (3). 
[0206] To 83 parts of the above EVOH solution (1 ) was added gradually 1 7 parts of the EVOH solution (2) with stir- 
ring at 40°C, and the mixture was mixed up with stirring. Further, 3.5 parts of a 1 0% aqueous solution of sodium acetate 

15 was added and the mixture was stirred at 40°C for 30 minutes, to give a water-methanol mixed solvent solution contain- 
ing two EVOH species. 

[0207] The mixed solution obtained was then extruded in the form of a strand into a coagulation bath comprising 
5% of methanol and 95% of water and maintained at 5°C through a nozzle (inside diameter 4 mm) to thereby cause 

precipitation (coagulation). 

20 [0208] After completion of the coagulation, the strand-shaped matter was cut with a cutter, the thus-obtained white 
porous pellets were further introduced into 1 ,000 parts of warm water at 30°G and the mixture was stirred for about 240 
minutes to effect washing, to give hydrous EVOH pellets (water content 60%). These pellets were contacted with nitro- 
gen gas in an atmosphere at 80°C in a column type fluidized bed drier (empty column velocity 1 .6 m/sec) for 40 minutes 
to give an EVOH composition (pellets) with a water content of 25% by weight. 

25 [0209] Then, the EVOH composition pellets obtained were fed to a twin screw extruder equipped with a strand die 
and melt kneading was effected under the conditions mentioned below. The strand formed was passed through a water 
tank and thus cooled and then cut with a pelletizer to give EVOH composition pellets with a water content of 0.15% and 
a sodium acetate content of 100 ppm (as Na). 

[0210] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
30 yellowing was observed at all. Such composition could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0211] The melt pelletizing conditions in the twin screw extruder were as shown above in Table 4. 
[0212] Using the EVOH composition obtained in the above manner, multilayer structures were produced in the 
35 same manner as in Example 1 (heat-stretch molding) and the appearance, gas barrier properties and continuous mold- 
ability were evaluated in the same manner as in Example 1 . 

Example 25 

40 [0213] An EVOH composition with a water content of 0.25% was obtained in the same manner as in Example 24 
except that the water content of EVOH composition pellets was adjusted to 50% by modifying the drying conditions in 
the column type fluidized bed drier. 

[0214] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 

yellowing was observed at all. Such composition could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletiz- 
45 ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0215] Using the pellets, multilayer structures were produced in the same manner as in Example 1 and the appear- 
ance, gas barrier properties and continuous moldability were evaluated in the same manner as in Example 1. 

50 Example 26 

[0216] A solution (1) containing 38% of an EVOH species (A) with an ethylene content (XI) of 34 mole percent, a 
saponification degree of 99.6 mole percent and an MFR of 3.0 g/1 0 min (210°G, load 2,160 g) in a water-methanol mix- 
ture [water/methanol mixing weight ratio = 35/65, water content (Y1) = 35%] and a solution (2) containing 35% of an 
55 EVOH species (B) with an ethylene content (X2) of 44 mole percent, a saponification degree of 96.1 mole percent and 
an MFR of 15 g/1 0 min (21 0°G, load 2,1 60 g) in a water-methanol mixture [water/methanol mixing weight ratio = 15/85, 
water content (Y2) = 1 5%] were prepared. Thus, the water content (Y1 ) of the solvent in the mixed solution (1 ) was 35%, 
and substitution of the above ethylene content (X1 = 34 mole percent) into the formula (3) given hereinabove gave 50 
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> Y1 > 30; hence, such water content (Y1 ) satisfied the conditions of fornnula (3). The water content (Y2) of the solvent 
in the mixed solution (2) was 15%, and substitution of the above ethylene content (X2 = 44 mole percent) into the for- 
mula (3) given hereinabove gave 30 > Y2 > 10; hence, such water content (Y2) satisfied the conditions of formula (3). 
[0217] To 75 parts of the above EVOH solution (1 ) was added gradually 25 parts of the EVOH solution (2) with stir- 
5 ring at 40°C, and the mixture was mixed up with stirring. Further, 3.5 parts of a 1 0% aqueous solution of sodium acetate 
was added and the mixture was stirred at 40°C for 30 minutes, to give a water-methanol mixed solvent solution contain- 
ing two EVOH species. 

[0218] The mixed solution obtained was then extruded in the form of a strand into a coagulation bath comprising 
5% of methanol and 95% of water and maintained at 5°C through a nozzle (inside diameter 4 mm) to thereby cause 

10 precipitation (coagulation). 

[0219] After completion of the coagulation, the strand-shaped matter was cut with a cutter, the thus-obtained white 
porous pellets were further introduced into 1 ,000 parts of warm water at 30°C and the mixture was stirred for about 240 
minutes to effect washing, to give hydrous EVOH pellets (water content 60%). These pellets were contacted with nitro- 
gen gas in an atmosphere at 80°C in a column type fluidized bed drier (empty column velocity 1 .6 m/sec) for 40 minutes 

15 to give an EVOH composition (pellets) with a water content of 25% by weight. 

[0220] Then, the EVOH composition pellets obtained were subjected to melt kneading in the same manner as in 
Example 24 to give EVOH composition pellets with a water content of 0.15% and a sodium acetate content of 1 00 ppm 
(as Na). 

[0221] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 

20 yellowing was observed at all. Such composition could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0222] Using the pellets, multilayer structures were produced in the same manner as in Example 1 and the appear- 
ance, gas barrier properties and continuous moldability were evaluated in the same manner as in Example 1. 

25 

Example 27 

[0223] A solution (1) containing 40% of an EVOH species (A) with an ethylene content (XI) of 32 mole percent, a 
saponification degree of 99.5 mole percent and an MFR of 3.5 g/1 0 min (21 0°G, load 2,1 60 g) in a water-methanol mix- 

30 ture [water/methanol mixing weight ratio = 50/50, water content (Y1 ) = 50%], a solution (2) containing 40% of an EVOH 
species (B) with an ethylene content (X2) of 40 mole percent, a saponification degree of 99.5 mole percent and an MFR 
of 4.0 g/10 min (210°C, load 2,160 g) in a water-methanol mixture [water/methanol mixing weight ratio = 25/75, water 
content (Y2) = 25%] and a solution (3) containing 40% of an EVOH species (0) with an ethylene content (X3) of 49 mole 
percent, a saponification degree of 97.0 mole percent and an MFR of 30 g/10 min (210°G, load 2,160 g) in a water- 

35 methanol mixture [water/methanol mixing weight ratio = 15/85, water content (Y3) = 15%] were prepared. Thus, the 
water content (Y1) of the solvent in the mixed solution (1) was 50%, and substitution of the above ethylene content (XI 
= 32 mole percent) into the formula (3) given hereinabove gave 56 > Y1 > 36; hence, such water content (Y1) satisfied 
the conditions of formula (3). The water content (Y2) of the solvent in the mixed solution (2) was 25%, and substitution 
of the above ethylene content (X2 = 40 mole percent) into the formula (3) given hereinabove gave 35 > Y2 > 15; hence, 

40 such water content (Y2) satisfied the conditions of formula (3). The water content (Y3) of the solvent in the mixed solu- 
tion (3) was 15%, and substitution of the above ethylene content (X3 = 49 mole percent) into the formula (3) given here- 
inabove gave 26 > Y3 > 6; hence, such water content (Y3) satisfied the conditions of formula (3). 
[0224] To 65 parts of the above EVOH solution (1) were added gradually 20 parts of the EVOH solution (2) and 15 
parts of the EVOH solution (3) with stirring at 40°G, and the mixture was mixed up with stirring. Further, 3.5 parts of a 

45 1 0% aqueous solution of sodium acetate was added and the mixture was stirred at 40°G for 30 minutes, to give a water- 
methanol mixed solvent solution containing three EVOH species. 

[0225] The mixed solution obtained was then extruded in the form of a strand into a coagulation bath comprising 
5% of methanol and 95% of water and maintained at 5°G through a nozzle (inside diameter 4 mm) to thereby cause 

precipitation (coagulation). 

50 [0226] After completion of the coagulation, the strand-shaped matter was cut with a cutter, the thus-obtained white 
porous pellets were further introduced into 1 ,000 parts of warm water at 30°G and the mixture was stirred for about 240 
minutes to effect washing, to give hydrous EVOH pellets (water content 60%). These pellets were contacted with nitro- 
gen gas in an atmosphere at 75°G in a column type fluidized bed drier (empty column velocity 1 .6 m/sec) for 35 minutes 
to give an EVOH composition (pellets) with a water content of 30% by weight. 

55 [0227] Then, the EVOH composition pellets obtained were subjected to melt kneading in the same manner as in 
Example 24 to give EVOH composition pellets with a water content of 0.20% and a sodium acetate content of 1 00 ppm 
(as Na). 

[0228] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
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yellowing was observed at all. Such composition could be obtained efficiently at a rate of 55 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0229] Using the pellets, multilayer structures were produced in the same manner as in Example 1 and the appear- 
5 ance, gas barrier properties and continuous moldability were evaluated in the same manner as in Example 1 . 

Example 28 

[0230] An EVOH composition (pellets) with a water content of 0.22% was obtained in the same manner as in Exam- 
10 pie 24 except that, among the melt kneading conditions in the twin screw extruder, the extrusion temperature conditions 
were modified as shown in Table 4. 

[0231] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 70 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
15 eign substance or mucous substance was found at all. 

[0232] Using the pellets, multilayer structures were produced in the same manner as in Example 1 and the appear- 
ance, gas barrier properties and continuous moldability were evaluated in the same manner as in Example 1. 

Example 29 

20 

[0233] An EVOH composition (pellets) with a water content of 0.20% was obtained in the same manner as in Exam- 
ple 24 except that, among the melt kneading conditions in the twin screw extruder, the extrusion temperature conditions 
were modified as shown in Table 4. 

[0234] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
25 yellowing was observed at all. Such composition could be obtained efficiently at a rate of 70 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0235] Using the pellets, multilayer structures were produced in the same manner as in Example 1 and the appear- 
ance, gas barrier properties and continuous moldability were evaluated in the same manner as in Example 1. 

30 

Example 30 

[0236] An EVOH composition (pellets) with a water content of 0.20% was obtained in the same manner as in Exam- 
ple 24 except that the melt kneading conditions in the twin screw extruder were modified as shown in Table 4. 
35 [0237] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 150 kg/hr. Further, said pel- 
letizing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no 
foreign substance or mucous substance was found at all. 

[0238] Using the pellets, multilayer structures were produced in the same manner as in Example 1 and the appear- 
40 ance, gas barrier properties and continuous moldability were evaluated in the same manner as in Example 1 . 

Example 31 

[0239] An EVOH composition (pellets) with a water content of 0.25% was obtained in the same manner as in Exam- 
45 pie 24 except that the melt kneading conditions in the twin screw extruder were modified as shown in Table 4. 

[0240] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 1 0 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 
50 [0241] Using the pellets, multilayer structures were produced in the same manner as in Example 1 and the appear- 
ance, gas barrier properties and continuous moldability were evaluated in the same manner as in Example 1. 

Example 32 

55 [0242] An EVOH composition (pellets) with a water content of 0.28% was obtained in the same manner as in Exam- 
ple 24 except that a single screw extruder was used and that the melt kneading conditions were modified as shown in 
Table 4. 

[0243] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
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yellowing was observed at all. Such composition could be obtained efficiently at a rate of 100 kg/hr. Further, said pel- 
letizing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no 
foreign substance or mucous substance was found at all. 

[0244] Using the pellets, multilayer structures were produced in the same manner as in Example 1 and the appear- 
ance, gas barrier properties and continuous moldability were evaluated in the same manner as in Example 1. 

Example 33 

[0245] An EVOH composition (pellets) with a water content of 0.1 5% was obtained in the same manner as in Exam- 
ple 24 except that the white porous pellets obtained (coagulation/precipitation product from the mixed solution com- 
posed of EVOH solution (1) and EVOH solution (2)) were washed with a 0.5% aqueous solution of acetic acid and then 
introduced into an aqueous solution containing 0.1% of acetic acid, 0.03% of magnesium acetate and 0.02% of calcium 
acetate and the mixture was stirred at 30°C for 5 hours to give hydrous EVOH pellets [1 00 ppm of acetic acid, 35 ppm 
(as Mg) of magnesium acetate and 20 ppm (as Ca) of calcium acetate being contained in the EVOH composition after 
drying]. 

[0246] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0247] Using the pellets, multilayer structures were produced in the same manner as in Example 1 and the appear- 
ance, gas barrier properties and continuous moldability were evaluated in the same manner as in Example 1. 

Example 34 

[0248] An EVOH composition (pellets) with a water content of 0.15% was obtained in the same manner as in Exam- 
ple 24 except that the white porous pellets obtained (coagulation/precipitation product from the mixed solution com- 
posed of EVOH solution (1) and EVOH solution (2)) were washed with warm water and then introduced into an aqueous 
solution containing 0.08% of boric acid and the mixture was stirred at 30°G for 5 hours to give hydrous EVOH pellets 
[380 ppm (as boron) of boric acid being contained in the EVOH composition after drying]. 

[0249] Upon observation by the eye, the EVOH composition obtained was found colorless and transparent and no 
yellowing was observed at all. Such composition could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletiz- 
ing procedure was conducted continuously for 10 hours; pellets were obtained stably without strand breakage; no for- 
eign substance or mucous substance was found at all. 

[0250] Using the pellets, multilayer structures were produced in the same manner as in Example 1 and the appear- 
ance, gas barrier properties and continuous moldability were evaluated in the same manner as in Example 1. 

Comparative Example 3 

[0251] An EVOH composition (pellets) with a water content of 0.1 0% was obtained in the same manner as in Exam- 
ple 24 except that EVOH (A) and EVOH (B) were not blended in the form of solutions but dry pellets thereof (EVOH pel- 
lets (A) with a water content of 0.30% and EVOH pellets (B) with a water content of 0.25%) were dry-blended at a 
predetermined ratio together with sodium acetate and that the resulting mixture was fed to the twin screw extruder for 
melt kneading at 200°G. 

[0252] Upon observation of the EVOH composition (pellets) obtained by the eye, slight discoloration (yellowing) 
was found. The rate of production of the EVOH composition was about 1 kg/hr and the production efficiency was thus 
poor. 

[0253] Using the pellets, multilayer structures were produced in the same manner as in Example 1 and the appear- 
ance, gas barrier properties and continuous moldability were evaluated in the same manner as in Example 1. 
[0254] The results of the appearance, gas barrier properties and continuous moldability evaluations as obtained in 
the above examples and comparative example are summarized in Table 5. 
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Table 5 





Appearance 


Gas barrier properties 


Continuous 
moldability 


Example 24 


o 


0.31 


® 


Example 25 


o 


0.31 


® 


Example 26 


o 


0.44 


® 


Example 27 


o 


0.34 


® 


Example 28 


o 


0.31 


® 


Example 29 


o 


0.31 


® 


Example 30 


o 


0.31 


® 


Example 31 


o 


0.31 


® 


Example 32 


o 


0.32 


o 


Example 33 


o 


0.31 


® 


Example 34 


o 


0.30 


® 


Compar. Ex. 3 


o 


0.33 


X 


Notes) The gas barrier properties are represented by the oxygen permea- 
bility, cc/m^ • day • atm. 



Examples 35 to 44 and Comparative Example 4 

[0255] In Examples 35 to 44, which are described below, the melt pelletization was carried out using a twin screw 
extruder under the conditions specified below in Table 6. 
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Table 6 





Conditions 


Ex. 35 


Ex. 38 


Ex. 39 


Ex. 40 


Ex. 41 


Ex. 42 


5 


Screw outside 
dianneter (mm 
0) 


57 


57 


57 


83 


30 


75 




UD 


44 


44 


44 


30 


42 


36 


10 


Strand die 

sin ape 


3.5 


3.5 


3.5 


4.5 


3.5 


4.5 


15 


Diameter (mm 
0)/n umber of 
bores 


/1 2 


/12 


/1 2 


/20 


/2 


/24 




Screen mesh 
(mesli) 


90/120/90 


90/120/90 


90/120/90 


90/120/90 


90/90 


90/90 




Vent 














20 


Opened at 


C5, C8 


C5, C8 


C5, C8 


C3 


C4 


C3 




Suctioned 
under vacuum 
at 


C11 


C11 


C11 


C5 


C6 


C6 


25 


Hopper sealing 


N2 


N2 


N2 


N2 


N2 


N2 




Screw speed 
(rpm) 


100 


100 


100 


200 


120 


200 


30 


Cylinder tem- 
perature as set 
(actually meas- 
ured tempera- 
ture) 














JO 


C1 


100°C 
(100°C) 


50°C (50°C) 


30°C (31 °C) 


100°C 
(100°C) 


100°C 
(100°C) 


100°C (97°C) 




C2 


100°C 
(100°C) 


100°C 
(100°C) 


50°C (50°C) 


100°C 
(100°C) 


100°C (99°C) 


100°C (99°C) 


40 


C3 


100°C 
(100°C) 


150°C 
(145°C) 


50°C (62°C) 


100°C 
(100°C) 


100°C 
(100°C) 


100°C (99°C) 




C4 


150°C 
(146°C) 


200°C 
(197°C) 


100°C (97°C) 


150°C 
(163°C) 


150°C 
(143°C) 


150°C 
(158°C) 


45 


C5 


200°C 
(199°C) 


230°C 
(228°C) 


250°C 
(241 °C) 


200°C 
(220°C) 


200°C 
(198°C) 


200°C 
(218°C) 




C6 


200°C 
(178°C) 


230°C 
(227°C) 


250°C 
(241 °C) 


200°C 
(222°C) 


200°C 
(1 95°C) 


300°C 
(275°C) 


50 


C7 
C8 


200°C 
(191°C) 

200°C 
(185°C) 


230°C 
(227°C) 

230°C 
(224°C) 


250°C 
(249°C) 

250°C 
(248°C) 




200°C 
(200°C) 


300°C 
(275°C) 


55 


C9 


200°C 
(198°C) 


230°C 
(229°C) 


250°C 
(250°C) 









34 



EP 1 085 028 A1 



Table 6 (continued) 



5 


CIO 
C11 


200°C 
(198°C) 

200°C 
(196°C) 


230°C 

(230°C) 

230°C 
(230°C) 


250°C 

(250°C) 

250°C 
(251 °C) 








10 


C12 
C13 


200°C 

(202°C) 

200°C 
(204°C) 


230°C 

(232°C) 

230°C 
(232°C) 


250°C 
(251 °C) 

250°C 
(252°C) 








15 


AD 


200°C 

(200°C) 


230°C 

(230°C) 


250°C 

(250°C) 


200°C 

(220°C) 


200°C 

(200°C) 


200°C 

(270°C) 




D 


200°C 
(199°C) 


230°C 
(229°C) 


250°C 
(250°C) 


200°C 
(220°C) 


200°C 
(200°C) 


200°C 
(270°C) 




Tc/T, (C13/C1) 


2.04 


4.64 


8.13 








20 


Tm/Tf (C10- 
1 3/C1 -4) 

TqATi (C6/C1) 


1.79 


1.88 


4.18 


2.22 






25 


Tm^F (C5- 
6/C1-2) 

Tc/Ti (C7/C1) 

Tm^F (C6- 
7/C1-2) 








2.21 


2.00 
1.98 


2.84 
2.81 


30 


Screw load 
(Amp) 


110 


105 


105 


150 


20 


125 




Resin pressure 
(kg/cnn^) 


13 


12 


12 


100 


75 


75 



35 



Example 35 

[0256] Saponification was carried out at 1 1 0°C over 2.5 hours by feeding 40 parts of a methanol solution containing 

40 6% of sodium hydroxide and 2,500 parts of methanol continuously to 1 ,000 parts of a methanol solution containing 40% 
of an ethylene-vinyl acetate copolymer with an ethylene content of 40 mole percent while distilling off the byproduct 
methyl acetate and the excess methanol from the system, to give EVOH with a degree of saponification of the vinyl ace- 
tate moieties of 99.0 mole percent. After completion of the saponification reaction, the excess methanol was distilled off 
while feeding 450 parts of 30% water-methanol at an azeotropic point, to give an EVOH solution in a water-methanol 

45 mixture [water/methanol = 30/70 (by weight), resin concentration 40%]. 

[0257] The EVOH solution (liquid temperature 50°G) was then extruded, in the form of a strand, into a coagulation 
medium (composed of 95% of water and 5% of methanol) maintained at 5°G through a nozzle having a bore size of 4 
mm, to thereby cause the EVOH to coagulate in strand form. The strand-shaped EVOH was led to take-up rolls provided 
at the end of the water bath and then cut with a cutter to give white porous pellets with a diameter of 4 mm and a length 

50 of 4 mm (resin content 30%, water content 25%, methanol content 45%). 

[0258] Further, the white porous pellets obtained were introduced into 1 ,000 parts of warm water at 30°G and the 
mixture was stirred for about 240 minutes to effect washing. The thus-obtained hydrous EVOH pellets (water content 
60%) were then contacted with nitrogen gas in an atmosphere at 80°G for 40 minutes in a column type fluidized bed 
drier (empty column speed 1 .6 m/sec) to give EVOH pellets with a water content of 25%. 

55 [0259] Then, the EVOH pellets obtained were fed to a twin screw extruder equipped with a strand die and melt 
kneading was effected under the conditions mentioned below. The strand formed was passed through a water tank and 
thus cooled and then cut with a pelletizer to give EVOH pellets with a water content of 0.15%. 

[0260] Upon observation by the eye, the EVOH pellets obtained were found colorless and transparent and no yel- 
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lowing was observed at all. Such pellets could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletizing pro- 
cedure was conducted continuously for 10 hours; pellets could be dried stably without strand breakage; no foreign 
substance or nnucous substance was found at all. 

[0261] The nnelt pelletizing conditions in the twin screw extruder were as shown above in Table 6. Example 36 
5 [0262] EVOH pellets with a water content of 0.25% were obtained in the same manner as in Example 35 except 
that EVOH pellets (before melt kneading) with a water content of 50% were obtained by modifying the drying conditions 
in the column type fluidized bed drier. 

[0263] Upon observation by the eye, the EVOH pellets obtained were found colorless and transparent and no yel- 
lowing was observed at all. Such pellets could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletizing pro- 
10 cedure was conducted continuously for 10 hours; pellets could be dried stably without strand breakage; no foreign 
substance or mucous substance was found at all. 

Example 37 

15 [0264] EVOH pellets with a water content of 0.20% were obtained in the same manner as in Example 35 except 
that EVOH pellets (before melt kneading) with a water content of 1 0% were obtained by modifying the drying conditions 
in the column type fluidized bed drier. 

[0265] Upon observation by the eye, the EVOH pellets obtained were found colorless and transparent and no yel- 
lowing was observed at all. Such pellets could be obtained efficiently at a rate of 70 kg/hr. Further, said pelletizing pro- 
20 cedure was conducted continuously for 10 hours; pellets could be dried stably without strand breakage; no foreign 
substance or mucous substance was found at all. 

Example 38 

25 [0266] EVOH pellets with a water content of 0.22% were obtained in the same manner as in example 35 except 
that, among the melt kneading conditions in the twin screw extruder, the temperature conditions were modified as 
shown in Table 6. 

[0267] Upon observation by the eye, the EVOH pellets obtained were found colorless and transparent and no yel- 
lowing was observed at all. Such pellets could be obtained efficiently at a rate of 70 kg/hr. Further, said pelletizing pro- 
30 cedure was conducted continuously for 10 hours; pellets could be dried stably without strand breakage; no foreign 
substance or mucous substance was found at all. 

Example 39 

35 [0268] EVOH pellets with a water content of 0.20% were obtained in the same manner as in Example 35 except 
that, among the melt kneading conditions in the twin screw extruder, the temperature conditions were modified as 
shown in Table 6. 

[0269] Upon observation by the eye, the EVOH pellets obtained were found colorless and transparent and no yel- 
lowing was observed at all. Such pellets could be obtained efficiently at a rate of 70 kg/hr. Further, said pelletizing pro- 
40 cedure was conducted continuously for 10 hours; pellets could be dried stably without strand breakage; no foreign 
substance or mucous substance was found at all. 

Example 40 

45 [0270] EVOH pellets with a water content of 0.20% were obtained in the same manner as in Example 35 except 
that the melt kneading conditions in the twin screw extruder were modified as shown in Table 6. 
[0271] Upon observation by the eye, the EVOH pellets obtained were found colorless and transparent and no yel- 
lowing was observed at all. Such pellets could be obtained efficiently at a rate of 150 kg/hr. Further, said pelletizing pro- 
cedure was conducted continuously for 10 hours; pellets could be dried stably without strand breakage; no foreign 

50 substance or mucous substance was found at all. 

Example 41 

[0272] EVOH pellets with a water content of 0.25% were obtained in the same manner as in Example 35 except 
55 that the melt kneading conditions in the twin screw extruder were modified as shown in Table 6. 

[0273] Upon observation by the eye, the EVOH pellets obtained were found colorless and transparent and no yel- 
lowing was observed at all. Such pellets could be obtained efficiently at a rate of 10 kg/hr. Further, said pelletizing pro- 
cedure was conducted continuously for 10 hours; pellets could be dried stably without strand breakage; no foreign 
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substance or mucous substance was found at all. 

Example 42 

[0274] EVOH pellets with a water content of 0.28% were obtained in the same manner as In Example 35 except 
that a single screw extruder was used and that the melt kneading conditions were modified as shown in Table 6. 
[0275] Upon observation by the eye, the EVOH pellets obtained were found colorless and transparent and no yel- 
lowing was observed at all. Such pellets could be obtained efficiently at a rate of 1 00 kg/hr. Further, said pelletizing pro- 
cedure was conducted continuously for 10 hours; pellets could be dried stably without strand breakage; no foreign 
substance or mucous substance was found at all. 

Example 43 

[0276] EVOH pellets with a water content of 0.15% were obtained in the same manner as in Example 35 except 
that the white porous pellets obtained were washed with a 0.5% aqueous solution of acetic acid and then introduced 
into an aqueous solution containing 0.1% of acetic acid, 0.03% of magnesium acetate and 0.02% of calcium acetate 
and the mixture was stirred at 30°C for 5 hours to give hydrous EVOH pellets [1 00 ppm of acetic acid, 35 ppm (as mag- 
nesium) of magnesium acetate and 20 ppm (as calcium) of calcium acetate being contained in the EVOH after drying]. 
[0277] Upon observation by the eye, the EVOH pellets obtained were found colorless and transparent and no yel- 
lowing was observed at all. Such pellets could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletizing pro- 
cedure was conducted continuously for 10 hours; pellets could be dried stably without strand breakage; no foreign 
substance or mucous substance was found at all. 

Example 44 

[0278] EVOH pellets with a water content of 0.15% were obtained in the same manner as in Example 35 except 
that the white porous pellets obtained were washed with warm water and then introduced into an aqueous solution con- 
taining 0.08% of boric acid and the mixture was stirred at 30°C for 5 hours to give hydrous EVOH pellets [380 ppm (as 
boron) of boric acid being contained in the EVOH after drying]. 

[0279] Upon observation by the eye, the EVOH pellets obtained were found colorless and transparent and no yel- 
lowing was observed at all. Such pellets could be obtained efficiently at a rate of 50 kg/hr. Further, said pelletizing pro- 
cedure was conducted continuously for 10 hours; pellets could be dried stably without strand breakage; no foreign 
substance or mucous substance was found at all. 

Comparative Example 4 

[0280] EVOH pellets with a water content of 0.15% were obtained in the same manner as in Example 35 except 
that 60 kg of the hydrous EVOH pellets were charged into a hot air drier with a capacity of 200 liters and dried in an air 
stream at 65°G until a water content of 30%, then at 85°G until a water content of 30-1 0% and thereafter at 1 1 0°G for 
16 hours. 

[0281] Upon observation of the EVOH pellets obtained by the eye, slight discoloration (yellowing) was found. The 
rate of production of the EVOH pellets was about 1 kg/hr and the production efficiency was thus poor. 

Claims 

1. A method of drying saponified ethylene-vinyl acetate copolymers which comprises melting and kneading one or 
more saponified ethylene-vinyl acetate copolymer species with a water content of 5 to 60% by weight until a water 
content of less than 5% by weight. 

2. A method of drying as claimed in Claim 1 which comprises mixing two or more saponified ethylene-vinyl acetate 
copolymer species, each in solution, together and coagulating/precipitating the same as a saponified ethylene-vinyl 
acetate copolymer mixture with a water content of 5 to 60% by weight and melting and kneading the same until a 
water content of less than 5% by weight. 

3. A method of drying as claimed in Claim 1 which comprises mixing two or more ethylene-vinyl acetate copolymer 
species, each in solution, together, saponifying the same, then coagulating/precipitating the resulting saponified 
ethylene-vinyl acetate copolymers (EVOH species) as a mixture with a water content of 5 to 60% by weight and 
melting and kneading the same until a water content of less than 5% by weight. 
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A method of drying as claimed in Claim 1 , wherein, in carrying out the melting and kneading, an extruder is used 
and wherein the extruder cylinder temperature T| (°C) at the hopper inlet and the extruder cylinder temperature Tq 
(°C) at the outlet satisfy the conditions specified by the formula (1) given below: 

1.1 <To/T, < 10. 

A method of drying as claimed in Claim 1 , wherein, in carrying out the melting and kneading, an extruder is used 
and wherein the extruder feeding zone temperature Tp (°C) and the metering zone temperature T|^ (°C) satisfy the 
conditions specified by the formula (2) given below: 

1.1 <Tm/Tf < 10. 
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